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1. INTRODUCTION

This research was conducted in response to failures of Caltrans
Type 31 lighting standard high-strength anchor bolts in field
installations where wind load exposures were higher than normal.
In a previous study, the anchor bolt was tested in laboratory
conditions for physical load carrying characteristics and fatigue
life. However, this study did not take measurements under actual
field conditions. The contribution to the failures by wind
loading of the assembly could not be determined from the
laboratory tests alone. The purpose of this research was to
provide the design engineer with field measurements of anchor
bolt loading in relation to the wind conditions so that this
determination can be made.
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2. BACKGROUND

Recent studies have documented the fatigue characteristics of
commonly used anchor bolts and ‘cap screws, both mild steel (ASTM
A307) and high-strength (ASTM A449) (1). These published stress
range/cycles-to~failure curves provide information about the bolt
materials' resistance to cyclic loading. To apply this informa-
tion to the physical world the source, magnitude, number of
cycles, and frequency of cyclic loading must be documented. The
3449 high strength anchor bolts are the type 1nvest1gated for
cyclic fatlgue loading in this study. They are a small per-
centage of the population of anchor bolts, which are mainly type
A307. The Caltrans Type 31 lighting standard uses the A449
"anchor bolts and is the'principle type examined.

One concern of the design engineer is the wind-induced vibration
which may generate a significant cyclic stress loading on the
structure and its mounting fasteners. The main driving forces
that produce the structure vibration are wind forces (static and
gusts) and vortex shedding (2). Other causes of damaging
vibration may include ground based vibration produced by heavily
loaded tfucks, earthquakes, or construction-related operations.
These vibrations are normally short-lived and individually

produce no long-term fatigue effects as the number of stress
cycles is very small.

The term fatigue is defined as "the process of progressive
localized permanent structural change occurring in a material
subjected to conditions which produce fluctuating stresses and
strains at some point or points and which may culminate in cracks
or complete fracture after a sufficient number of

fluctuations" (3).

If the number of stress cycles in the fastener and the stress
range to which the fastener is subjected exceed those values



?Which'pféducé sﬁaii'gaﬁigueAéracks for that material, then the
potential for early fatigue failure is very high (4,5). Under
extreme wind conditiéns, the static loading force is accompanied
by raﬁdomly fluctﬁating gusts that may induce vibratory motion in
the structure. This variance of the "drag" force and its dynamic

effects are addressed in the AASHTO Désign Specifications (6) as
a 1.3 gust factor apﬁlied to the calculated design static wind
"loadihg. In many cases this factor appears to be insufficient (7).

The most continuing and démaging vibration is often caused by low
to moderate velocity winds. A few months exposure to steady wind
velocities around 7 to 30 mph will sometimes destroy a lighting
_ structure and its mounts that otherwise have sufficient strength
to withstand a féw aﬁplications of static forces corresponding to
130 mph peak wind speed (8). These vibrations are caused by
 Karmgn vortices. Xarmon vortices cause vibrations in a plane
perpéhdicular to the wind velbcity, because of a resonant shed-
ding of wind around the surf@éé. This may cause the structure to
. undergo millions of stress cycles in a short period of time.

%Design'of lighting standards for wind loading in California is

"mostly empirical and- field data that document real frequencies
;and forces are not available. Actual measurements of forces
.eXQerlencedJunder various wind conditions will provide the

- designer with a sound basis to optimize. the existing design and
modify it for a new 11ghtwe1ght standard that may be required in

“the future.

With thé 1arge inventory of lighting standards on our highway

_ system, many having‘been in service for many years, it seems
appropriate that a reevaluatlon of fatigue life of their anchor
bolts be conducted.' The 1nfdfmatlon provided by the results of
this study may be used to establish a preventive maintenance
program to. reduce the potential liability for premature failure
of in-place lighting. standards.



3.

RESULTS AND CONCLUSIONS

Over 250 million data points were taken over a one-year period
(February 1987-April 1988). These were reduced to 1.65 M bytes
of Lotus 1-2-3 data files, on 5 1/4-inch floppy disks. The files
contain min/max, average, and standard deviation for wind speed,

wind direction, anchor bolt loading, accelerations, and strain on

the

The

1.

pole surface.
results are as follows:

The anchor bolt assembly for the Caltrans Type 31 lighting
standard is a conservative design for winds experienced
during this testing. Wind loads observed during this proiject
did not produce a significant stress in the 1-inch diameter
anchor bolts of a Type 31 lighting standard (non=-slip base
type) with a 20 or a 30-foot arm. The bolt cyclic stress
ranges (maximum stress minus minimum stress equals stress
range at that wind speed) measured in this research are much
lower than the fatigue limits determined by laboratory
testing. The highest tension stress and stress range in the
rear ancher bolt is as follows:

Peak Max
Wind Speed Max Bolt Calc Bolt Stress Range

Measured Stress Stress*

20 ft. 44 mph 8540 psi 9540 psi 7580 psi

30 ft. 39 mph 11060 psi 13550 psi 6080 psi

* Traffiq Signal & Lighting Standard Stress Analysis Program
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‘A Type 31 lighting standard with a triangular slip base has

tiwo back anchor bolts to carry the arm dead load and the
dynamlc load from w1nd forces:. Therefore, the anchor bolts
1n this appllcatlon are not as susceptible to fatigue
fallure, as the non—sllp base version, because of lower

s%iess 1nrthe_bolts.

Data taken during critical wind speeds (theoretical) for

 vortex shedding for the Type 31 lighting standard do not show

4.

5,

" 6.

7.

51gn1flcant chanqes in tension loads in the anchor bolts with
either arm length. The v1bratlon frequency and X,Y¥,& Z -
accelerations dojhOt*showipatﬁerns significantly different
from other observed wind speeds. The tapered section of the
pole and arm do ﬁOt allow sufficient uniform surface to

~generate measurable vortex shedding forces.

The measured natural frequency of the Type 31 lighting

standard with a 20-foot &fm (Type 31/20) is 1.07 Hz and three
other Significanﬁ vibration fregquencies occur at 2.45 Hz,
8.67 Hz, and 12.94 Hz. '

The measured natﬁral fréqﬁency of the Type 31 lighting
standard with a 50—foot arm (Type 31/30) is 0.78 Hz and three
other significanﬁ vibration frequencies occur at 1.80 Hz,
5.37 Hz, ‘and 10.27 Hz. = .

Maximum'windHVélécities during wind gqusts, at the Benicia
test site, can vary by as much as 3.4 times the minimum wind
speed in a 12-second interval. The maximum wind speed was
commonly double the minimum, in the same 12-second time
frame, when the %vefage wind speed was 20 to 25 mph.

The luminaire ma#imum accelerations (peak to peak, measured
at the center offgravity)! when mounted on a Type 31/20
lighting standard, are +3.2 g to -3.5 g for Ax, and +0.6 g to



-1.4 g for Ay. For the Type 31/30 lighting standard, with
the same luminaire, the maximum accelerations are +2.2 g to
-2.1 g for Ax, and +0.5 g to -1.3 g for Ay. See Figure 17,
page 32, for x & y orientation.







4. IMPLEMENTATION

The results from this research have produced field data for

stress levels and stress cycles that affect the tension fatigque

loading on anchor bolts for lighting standards subjected to
varying wind load conditions.

The results are available on several edited IBM PC 5 1/4-inch
floppy disks in Lotus 1-2-3 data files for the California
Department of Transportation (Caltrans) Office of Structure
Design and to other researchers to use as a bolt loading data
base and to provide luminaire acceleration information. The
wind force data base can be used for estimating fatigue life
of lighting standard fasteners that will enable designers to
validate or revise wind loading models, verify or revise
design theories, develop a test cycle for fatigue research or
new design acceptance criteria, and possibly institute a
preventive maintenance program for existing installations.






5. DISTRICT WIND LOAD DROBLEM SURVEY

A survey of traffic and maintenance employees in the 11 Caltrans
districts and headquarters office was conducted. The questions
asked dealt with the occurrence of failures of lighting standards
of any type, but in particular, failures of anchor bolts. The
lighting standard type and arm length, location, type of failﬁre,
probable cause, and whether wind was a contributing factor were

the specific items covered. Table I shows the results of this
survey.

TABLE I
DISTRICT SURVEY

DISTRICT'S 1 2 3 & 5 6 7 8 .9 10 11
Failure Y Y 4 Y N Y N+ Y N Y 4
Pole Type 31 31 31 31 % 31 15 31 % 31 31
. Gnd/Str* G &6 6 G/8 * @& S & * ¢ ¢
Arm 30 30 30 30 % 30 20 30 ¥ 30 30
wind N oY ¥ oy Y N Y % Y vy
Install # Y ¥ ﬁ N * Y Y N =% N N

* Ground based{G) or structure mounted(s) light standard
# Installation errors or related failure.

+ Arm failure.

Y Yes '

N No
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Th nost cases the failure was ‘hoticed When the lighting standard
tilted toward the travel way. This was caused by the fracture of
the rear anchor bolt “in the triangular base plate of the Type 31
steel pole. The Type 31 pole with the 30-foot tapered arm (Type
31/30), without the slip base (Fig. 1), was the typical configur-
ation when failures occurred. This design places the highest
.tension load (moment due to the arm and luminaire dead load and
:the tension component of the wind load) on the single anchor bolt
on the back side of the pdie away from the arm. The Type 31
lighting standard with the 30-foot arm has been phased out over
the last 5 to 10 yea?s due to anchor bolt failures. They have
been replaced with Type 31 lightihg standards with 20-foot arms.

Iﬁ'bohtrast, the Typé 31 lighting standard slip base mounting has
two anchor bolts on the side away from the arm (Fig. 2); thus,
the tension load is divided between them. The slip base assembly
uses a single clamping bolt on the back side to hold the plates
together. This bolt is a high-strength bolt that is torgued to a

" ' specific preload which lessens fatigue failures.

Some pagt failures of Type 31 lighting standard anchor bolts were
" not clear-cut in nature, the anchor bolts appeared to be corroded
when assembly occurred or showed'signs of partial fracture for
some other reason. At one point in time, Caltrans permitted
7/8-inch diameter ungalvanized high-strength anchor bolts for
Type 31 lighting standards. Without‘galvanizing and occasionally
lacking complete groﬁting around the anchor bolts, corrosion was
accelerated. The failure could have occurred because of high
wind épeéds'and fatigue accumulation or exceedance of the yield
strength of the reduced area of the bolt.

; The original high-strength anchor bolt size for the Type 31
lighting standard was 7/8-inch diameter. After several failures
were noted, the design diameter was increased to 1 inch.
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Additional failures required the arm length to be decreased to

20 feet from the standard 3p-foot arm to reduce stress on the
anchor bolts. No known failures have occurred since both changes
have been placed in the specifications.

In addition, the caltrans Type 15 pole was examined for potential
anchor bolt 10ading problems. This type pole has a square base
plate with four anchor polts. It is used with a maximum arm
1ength of 15 feet and can pe mounted with or without a slip base.
The anchor bolts are A307 mild steel (1l-inch polt circle
diameter) in contrast to three A449 high~strength steel bolts
(14-inch polt circle diameter) for the Type 31 light standard.
Therefore, with two back bolts sharing the tension 1oad.and the
fact that the mild steel bolts exhibited superior fatigue life to
high-strength polts for all atress ranges Uup to 36 kpsi (1), it
was determined that the chance for fatigue failure in ground

pbased anchor bolts was very minimal.
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6. CALIFORNIA WIND PROFILES

Wind records were researched for the areas that had light
standard failures. The survey results pointed to three general
areas of wind loading problems for existing lighting standards.
The areas are the mountainous section of District 02 near Weed
along I-5, the straits in the coast range near the San Francisco
Bay, and the high desert passes in Southern California that
conduct Santa Ana winds toward the ocean. Yearly wind speed
average, percentage of calms, wind speed average for each month,
wind gusts, and percentage of time wind from one direction were
some of the data investigated for each potential station site,

Two main data sources were used to determine the highest
potential location for testing for a combination of steady winds
for vortex shedding and high wind velocities which would allow us
to look at gust factors and high static loading. The California
Energy Commission Wind Atlas (9) and the report Wind in
Ccalifornia (10) published by the California Department of
Resources, give percentages of occurrence of wind speeds, calms,
average. monthly wind speeds, peak winds and gusts, and wind
direction. These references covered 400 to 500 different
measuring locations. These data, along with historical Caltrans
wind records taken for environmental impact assessments and wind

energy evaluation, were used as a guide to determine the initial
testing location.

The Caltrans wind data are taken by a mechanical weather station
as wind run (wind run is the equivalent length of air passage in
a specific time segment), and wind direction, usually at the U.S.
Weather Bureau standard height of 10 meters. This data is
reduced by a digitizing system, recorded on magnetic tape,
entered into the SAROAD data system, and then are accessible by
the TIMESHARE mainframe computer system.

-13-






7. TEST SITE SELECTION

The site to be used for testing strain/stress in the 1ightl
standard anchor bolts would have to have continuous winds, from
the same quadrant, between 8 to 20 mph to generate significant
vortex shedding loading (11) and potential for winds over 40 mph
for pressure loading. The other important aspects that deter-
mined the location were: access to electrical power, logistics,
security, phone lines, clear fetch for wind, space for parking a
van to house the computer and signal conditioning electronics,
good local wind records, and preferably a Caltrans facility.

To reduce the candidate sites, the wind speed data were screened
for inaccessible sites, mountain tops, points out in the ocean,
and islands. The next good indicator was lowest percentages of
calms as we were looking for consistent winds in the speed range
of theoretical vortex shedding for the lighting standard. Then
the data were examined for highest percentages of winds over 7
mph as groups representing 7 teo 10 mph, 11 to 15 mph, 16 to 20
mph, and over 20 mph. All data stations exhibited very low
(<0.1%} percentages over 40 mph. Station locations considered
"would have to have 40 to 50 percent of the wind speeds in the 7
to 30 mph range and have potential for winds over 50 mph. This
procedure reduced the number to four potential areas where
meteorological conditions were of interest.

Sites in eight different locations in northern California were
considered along with two in southern California for high winds.
The high wind sites in southern California were held in reserve
as the probability of 50+ mph winds at any one location is very
low, roughly one in 25 years (10).

The northern California sites were: Altamont Pass, Carquinez

Strait, Golden Gate Bridge at the north end, Fairfield, Benicia
Bridge, Pittsburg/Antioch area, Richmond Bridge at the north end,
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'Eand the Dixon area. Each area met the requirements for windy
conditions and all were within reasonable travel distance of the
Transportation Laboratory (TransLab). Each was examined for the
desired characteristics. Some of the site problems encountered
were extreme high voltage power lines nearby, limited access,
limited area for installation, physical obstacles which would

interfere with wind flow patterns, poor local wind data, or the
‘lack of security. -

The location chosen was the Caltrans facility at the Benicia Toll
Bridge on I-680 in Caltrans District 04. Caltrans has wind
history on this sitejfor more than two years from a previous
energy study. The Béhicia Toll facility is located in an opening
| ;between the Central Valley and?the Carguinez Strait,-northeast

" from the San'FranciSéo bay, that acts like a pipeline for wind
‘between the two areas (Figure'3). Wind speeds may be locally
;strong in regions where air is channeled through a narrow opening
‘such as the Carquinez Strait (12). This makes the wind direction
very consistent and predictable, either in or out of the valley

depending on frontal passage or hot air rising over the valley
~ floor.

The1Caitrans facility‘at this location is on a point of land that
”pfbjé@ts out to the Benicia Bridge and provides a clear wind
‘fetch in the primary two wind directions. District 04 had just

' removed an old warehouse on the elevated site and left a clear
parking lot area (Figure 4). 'Thg light standard was mounted on
the southeast side of this parking area above the toll plaza an

' the north end of the"bridge.

This site met the other recquirements with a single exception, the
potential for very'high winds (excess of 50 mph) was not

" confirmed. Past Caltrans wind records were taken with a wind
U“run sensor which did:not record gusts of short duration (14).
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8. LIGHT STANDARDS

The district survey pointed out that anchor bolt faiiures
occurred when Type 31 light standards were mounted without slip
bases and using 30-foot arms. See Tables IT and III for
specifications. cCurrently, Caltrans is using a maximum arm
length of 20 feet on this lighting standard because of these
failures.

TABLE II
POLE DIMENSIONS

Outer Dia. _
Pole Type Height Base Top Thickness Anchor Bolts
15 30! L 3.875" 0.1196" 1" dia.x36
(A307)
31 351t 10.75" 6" 0.1793n 1" dia.x36
(A449)
TABLE TIII
LUMINARIE ARM DIMENSIONS
Minimum Dia. Luminaire

Arm _Iength Thickness at Pole at light Mounting Height

150" _0.1196" 4.25" 2.375" 341'-3"
20t'-on 0.1793" 5H 2,375" 37'-0"
30'-o" 0.1793" 6.5" 2,375" 40'-Qn
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;:Takiné this design in}ofmatioﬁ?iﬁﬁo é%nsideration, this research
 has been,focused on the worst Ease of no slip base (single anchor
bolt away from the arm) and the longest arm (20 feet) and the
current‘style of luminaire with the transformer in the light
'*.head This luminaire:ié of the flat lens style with a slightly
narrower proflle to the wind. The luminaire was an American
Electrlc Serles 25/26 model, weighing 38 pounds.

fThe anchor bolts that are used for the Type 31 light standard are
1-inch diameter high-strength bolts with the specifications shown
in Appendix‘A. Table Iv shows the test results of a sample of
the bolts used for thlS research.

" The anchor bolts were tested under the following ASTM methods:

Mechanical Tests -—  B449, F606

Chemical Tests . == RA449, AT51
Galvanlzlng --  A449, Al53, B695
Thread Tolerance - ANSI Bl.l, Class 2A

before galvanizing.

—

" The nuts were tested under the following ASTM methods:

Mechanical - A563, Al94, A370
‘Thread Tolerance  -- Overtapped above ANSI Bl.1,
© Class 2B, per Caltrans
86-2.03
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e . TABLE IV _
ANCHOR BOLT AND NUT TEST RESULTS

Yield Point

(Spec.) (Spec.)

1" Anchor Bolt 74,000 1bf 83,650 1bf
ASTM A449 (>55,750) (>72,700)

PROOF LOAD

(SPEC.)
1" Nut, Grade 2H 106,000 l1bf
ASTM Al94 (No thread stripping
@ 130,000 1bf)

Thickness of Galvanized coating -- 0.0095 in.

Ultimate ILoad

Hardness
(Spec.)
Rockwell ¢

25,9
(25-34)

25.9
(24-38)

equals 5.6 oz/sqg ft

(>1.0 oz/sq ft)

The anchor bolts and nuts met all but one of the specifications.
The maximum pitch diameter of the bolts were slightly under

specification after the zinc was removed.
be a problem for the research that we were conducting.

Appendix A & B for Test Reports.)

20—~

This was judged not to

(See
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9. EQUIPMENT SELECTION

The next step involved determining the method and type of sensors
to measure and record the strain/load in the anchor bolt. Anchor
bolt tension loadings were measured by strain gages mounted
internally. The anchor bolts were center drilled by StrainSert
Co. and the strain gages applied to the inside circumference of
the small center hole. The gage vertical location was placed
just above the plane of the surface of the concrete in which the
bolts were inserted (Figure 5). This gives a tension/compression
loading value for the pole's three anchor bolts without bias from
the leveling nuts or the concrete base.

The strain gage sensors weré calibrated by Strainsert Co.
(Appendix B), after installation in the anchor bolts, to read as
kips/millivelt change. This calibration method compensates for
the hole drilled to place the gage at the specified depth in the
bolt. The bolt stress is calculated based on the minor diameter
of the threaded portion of the bolt, ie., 0.606 square inches
(6). As the bolt is calibrated to read true loading with the
gage hole, the represented stress for the anchor bolt in field
usage can be calculated using the above minor diameter.

The acceleration was measured by Statham Instruments
Accelerometers, Model A301-5-350, with a range of (+) or (-) 5 g.
These were calibrated by the Electronics Branch at TransLab
before installation in the luminaire housing. X,Y,Z2 components
of the true vector acceleration were taken by separate sensors
and recorded as individual signals.

The signals from the strain gages and the accelerometers were
conditioned by Measurement Group, Inc. Strain Gage Conditioning
‘Amplifiers, Model 2310. One ampiifier system was used for each
strain gage and each accelerometer. These systems provided
excitation voitage for the strain gages and amplification of the
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A

resulting signals. This allowed balancing of the bridge circuits
for zero voltage and range selection for the signals generated.

The meteorological measurements, wind speed and wind direction,
were taken with Climet wind sensors Model WD-012-10, Model
WS~-011-1, and with a signal translator, Model 060-12. This
system was calibrated in Translab's wind tunnel for a speed range
of 5 to 45 mph (Appendix F){ The sensors were mounted on a mast,
.attached to thé back of the van, 10 meters off ground level,
which placed .them within (+) or (=) 1 meter of the height of the
luminaire (Figure 6). This is critical as wind speed varies
significantly near the ground surface (Figure 7).

The meteorological system oﬁtput signals were fed simultaneously
to a SumX Model SX405 data logger (Figure 8) and the Hewlett-
Packard (HP) Model 1000 computer (Figure 9). The SumX data
logger read the wind speed and wind direction sensor output once
every minute and summarized the data intoc hourly averages. The
summary data were recorded by a built-in magnetic tape cassette
recorder. The minicassette (3M DC-1000) could hold one month's
wind records. The HP computer took meteorological data 20 times
a second and recorded every reading, when control conditions were
met, on magnetic tape. These measurements were taken simultan~
eously with strain and acceleration data. The data were recorded
on a HP'Q-track reel-to-reel magnetic tape recorder with a
maximum tape reel size of 1100 feet.

The HP computer was programmed to generate a switch closure
signal to the SumX data logger when either the magnetic tape ran
out or the computer shut down for any reason. The switch closure
was shown on the data readout of the SumX data logger as a "B"
after the standard voltage reading (Figure 10). This sigpal and
the meteorological data could be remotely monitored and accessed
by a MultiModem, Model MT212AH2, a Compag computer, an IBM
compatible PC, and telephone lines. The telephone line drop was
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DAILY SUMMARY T " @4/@2/BB 93 BENICIA

- ' F e e HE I JEIE BT T D I AR A6 ST TE I N6 I A6 6 BB HE AU H N S IR 696 I M
CHANNEL NUMBER o1 ez a3 a4
CHANNEL. NAME WD/DEV ws cAaL SPD
CHANNEL UNITS DEG MPH vaL MPH
FULL SCALE VALUE 548 80 S5.000 =)

- ZERO VALUE @ e - 300 "]
INPUT RANGE 5 S 5 5
21:00 2656/ B 8. 4.847 B8
az: e 2648/ 12 7  4.847 8
B3: 00 278/ 1@ B 4.847 8
94: 20 274/ 10 9  4.847 g
25: o0 2747 10 10 4.847 1@
Qb 00 272/ 8 1@ 4.847 11
o7: 012 268/ 10 11 4.847 11
28: o 268/ 18 12 3.847 13
09: 00 2687 12 12 4.847 12
12:00 270/ 12 12 4.847 12
11:002 272/ 17 9  4.847 18
12:00 270/ 18 18 4a.BaA7 )
13:00 271/ 13 14 4.850 15
14: 0@ 2687 13 14 4.850 14
15:00 269/ 13 14  4.850 15
146: 00 2677 12 14 4.858 14
17:00 265/ 14 13 4.850 ia
18:@@ 262/ 12 14  A.850 15
19: 08 257/ 1@ 17 4.850 17
20: 00 268/ 12F 13F 4.637F 13F
21:00 . 264/ 1@ 13 4.850B 14
22: 00 252/ 13 13 4.850B 13
23:00 2507 15 12  4.850B 12
oB: 28 2497 12 13 4.BS@B 13
AVERAGE 266/ 12< 12<  4.847< 12<

LAST AUTO CALIBRATION RESULT

ZERD SPAN SPAN VALUE

Figure 10. SUMX DATA PRINTQUT



T T

v

*‘a standdrd voice quality servide and proved very adequate for
monitoring the Benicia test site from the TransLab in Sacramento.

' ‘The HP computer was an installed part of TranslLab's Air Quality
Mdnitoring;Van-used‘ﬁar system: control and data acquisition. TFor
this research project, the van was. parked approximately 50 feet
from the test lighting standard and provided shelter for the
”eléctrdnic equipment. The contours of the surrounding ground
allowed the van to be parked next to a ridge line in the hillside
so that it didn't interfere with the site airflow (Figure 11).

"The system power wasftaken.frdm<the~220V'AC power distribution

"~ panel in the*Districﬁ;Maintenance-fuel pump building. The van

power cord=was\routed@aroundathe,edge;of the parking area and
into the rear of the van. The van has its own internal

- electrical power distribution system and the project's electronic
‘Eequipment was protected by a large isolation transformer. This

" minimizes the electrical spikes that could damage the electronic
'equipment and cause errors in the recorded data. The local power
supply company (Pacific Gas & Electric Co.) had supply problems

. many times dufing the year of data gathering and power failures
“during high wind conditions. were common.

W " 218;—_
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10. COMPUTER PROGRAMMING

The HP computer program was developed to take electrical signal
levels from several types of sensors at selected rates with a
minimum of processing and place them on a 9—track'magnetic tape
for storage and'transport to TransLab for analysis. With very
high channel sampling rates, strain data at a rate of 100
readings per second and the accelerometers at 500 reading per
second, little computer time was available for data processing;
only control limits were used. These limits, based on wind speed
and direction, told the computer when to start to take data and
when to stop, so that magnetic tape storage was optimized.

The computer program was developed in modules to make updates and
changes more efficient and timely. It consists of the following
modules: o

1. Wind Loading Initialization & W Main

2. Timer Routine For Wind Loading - * W Time

3. Wind Load; CAF - Read MT Routine & Storage

4. Multiplexer Data Acquisition Module & W Mux

5. End of Wind Run Routine - W End

6. BCS TTY Driver - No LF After CR Required

7. ASMB,A,B,L,C - Write 1 Record on Tape

8. ASMB,A,B,L,C - Read 1 Record Into Core From Tape
9. 9TRK Mag. Tape Writer - & WMT

This program is designed to provide the operator an interactive
display which asks questions that are site and data specific.
Location code, Julian day, tape number, wind speed to initiate
sampling, and time of day are entered as the program is started.
Computer operation commences after the time of day is entered.

Data collection is contingent on meeting the control conditions.
Otherwise, the system idles until the wind direction and speed
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“Gonditions are met. ‘The direction control is predetermined to be
(+) or (-} 20 degrees of perperidicular to the lighting standard
arm from either side. The speed starting level is entered each
time the new data tape”is loaded and is usually set at 5 mph
increments. When the tape runs out (approximately 1 hour for the
‘standard data recordihg) the computer halts and displays the halt
time on the screen of the terminal. 1In addition, the computer
provides a switch closure to the SumX data logger to signal
shutdown. ;Unfortunately, when shut-down occurs due to power
failure, the magnetic tape drive system releases tension on the
‘tape and the computet‘system can't restart when the power is
reetored. The SumX data logger output was relied on for

recordlng power fallures and 51gna11ng the need for restarting
the system. '

5*Programm1ng for the Sumx data logger was supplied by the
mahufacturer as part ‘of their general air quality data

b acquisition package.i Some of the input items can be adjusted to

individual prOJect needs. Eor this research, the data channels
were limited to the meteorological inputs of wind speed and wind
direction. In additibn, the SumX logged the power failures as
“time of occurrence and duration. This documented the gaps in the
recorded metéorologiéel data, and when the HP computer system was
down for any reason.¢ "The SumX system developed hourly averages
and daily summarles that were recorded on minicassette tape for
downloadlng by telephone modem in conjunction with a PC at
TranslLab. By downloadlng on a regular basis (once a week), the
tape does not need to be changed.




circuit, through the Signaj conditioning, to the Van Hp
minicomputer and on tq magnetjco tape, During the testing,
different filterg Were electronically inserted into the Signal
SYystem to Jjudge the Possibile benefits.
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est thexébility of the system to read the
actual strain changeéron the skin of the light standard pole near
its base using a bonded strain gage (Figure 14A & B). To prove
this technigue, an éxisting'Type 15 lighting standard at TransLab
was instrumented with a'spot-welded gage and wired to the test
system. Under northwest wind conditions of 10 to 15 mph, the
output was easily seen on an oscilloscope and the resulting data
trace is shown in Fiéure 15. The strain values at this point at
the base of the polé‘were determined to be smaller than the
expected signal in the proposed bolt system. Therefore, this
proved the methed'fbf measurement§ in the field. An actual test
site installation wégfthe next step to be undertaken.

The next step was t6




Figure 14B. PROTOTYPE POLE SURFACE GAUGE
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15. TEST SITE SETUP AND EQUIPMENT INSTALLATION

The test site is locatéd in a paved aréa of the parking lot for
the Benicia Toll Bridge. There was some concern by the local
Caltrans district maintenance’ personnel about the ground
stablllty of the area where the pole was to be 1ocated. This

aréa had experlenced sllppage in the past and an on~51te bulldlng

had been demolished because of ground movenent - damage. To
address this issue, a site evaluation was prov1ded by District o4
‘50115 and materials engineering staff to determiine if the
excavation and resultlng pole installation would cause a problem
with the slope stablllty. The installatich Was approVed by the
geclogist with the conditidén that the pole base Was placed

27 feet from the slope edge.

conforms to Caltrans July 1984 Standard Plans (ES‘GD pdge 217)
for diameter (30 inches) and depth (60 1nches). A plywcod
template held the instruménted anchor bolts in tH& spéecified
spacing when placing the concrete. The anchor b&iEg were
orierited so that the lumifidire arm woiild be 166 degreds fré
north (perpendicular to the prevailing winds). Qbficrete was
purchased from a small local plant and hauled if & trailer to
the site and placed by Translab employees. After & féur-week
curing time, the instrumented bolts were wirdd ﬁﬁfﬁﬁé signal
conditioning dévices and the minicomputer.

To complete the docufientation of the wind fordes and resulting
movement of thé lighting, standard accelerchmeters were placed
in the luminaire head. Accelerometers weére instailed ia all
three planes to document the X,Y,& 2 components. The thrée
accelerometers wére molinted in the luminaire housing ag close
to the center of gravity as possible (Fig. 16). The masd o6f
the accelérometers was very small incomparison té the ovérali
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luminaire mass. Therefore, the response of the assembly should
be the same. The three units were bolted to the luminaire
housing and wired to a terminal strip. Then it was determined,
that due to physical positioning, the following would be true:

Looking at the pole from the luminaire, (Figure 17)

Al the X plane -~ "+" is left
A2 the Y plane - "+" is down
A3 the Z plane - "+" is out from pole

The accelerometer cabling would be installed at the test site.

District 04 Maintenance was called about pole acquisition and
installation. Mr. Warren Sanford, electrical foreman for Alameda
maintenance, located a Type 31 pole (l4-inch anchor bolt circle
diameter) and 20-foot luminaire arm in the district surplus
storage. He agreed to help with the test site installation and
to dismantle it when the project was concluded.

During late January 1987, the district light standard maintenance
crew installed the pole and arm on our concrete foundation and
instrumented anchor bolts with minor problems. The mounting of
the pole to the anchor bolts was difficult at best. This problem
was amplified by the exposed leads and conductors protruding from
the top of the anchor bolts (Figure 18). The maneuvering of the
pole base around the anchor bolts with the strain gage leads
extending from the bolt ends was a problem as the contacts for
the wires are véry fragile. The pole weighs approximately 240
pounds and when it is suspended vertically, with a 70-pound arm
and a 40~-pound luminaire attached, it becomes very awkward to
align to the anchor bolts. The anchor bolt pattern fit to the
pole base notches was very tight.
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ACCELEROMETERS, 1,2, & 3

Figure 17. TEST POLE & SENSOR LOCATION
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Thig daused the base plate to align to two of the anchor bolts
but bind on the third. The pole was placed in final position
when a maintenance ﬁorker, with good intentions, hit the :ithird
anchor bolt with a io-pound sledge hammer and the bhase popped
into place. This bolt was examined w1th care and seemed to
suffer no adverse visual effects. When data from this
instrumented bolt were reviewed no inconsistencies were detected.
This seems to be standard practice in gield installations of
light standards -~ if it doesn't fit, hit it with a hammer!

The pole was leveled with the adjustment/leveling nuts and the
top nuts were tightened until snug tight, approximately‘100
foot-1b. No grouting was placed around the base to eliminate any
bias of bolt loading. '

It was necessary to rework several of the electrlcal contact tabs
on the top of the bolts where the leads for the strain, gages
emerged. The leads were soldered directly to the tabs after
straightening and;tested for continuity. All gages survived the
pole installation. i )

The accelerometer cables were 1nstalled as the arm and pole were
assembled. The leads were contlnuous frqm the terminal strip in
the luminaire hou51ng, in the arm, and down the inside of the
pole and out the access port at the pase, From there, they were
bundled together with the stralp_gege'CQbLes and routed to the
instrument van some 50 feet away.ﬁ éhe cables were routed through
the drivers side window (lee side to the stormy weather) and the
window taped shut.

Once inside, the cables ran @%¥§¢tl¥ to the signal amplifiers
(Figure 19), one for each sensor. S;nce signal line shielding is
very critical for low level 51gnals end p0551ble radig frequency
(RF) 1nterference, the cables were selected with continuous
shielding that was grounded to the elgnal ampllfler. The othex






end of the shield was left floating to prevent ground loops that
induce signal errors. See Figure 20 for the wiring schematic.

An additional strain gage was bonded to the pole approximately

4 inches above the base-plate weld, aligned with the back bolt
opposite to the arm position (Figure 21). This gage provided a
reading of chénge of strain produced on the pole skin as it was
installed after the lighting standard assembly was raised. A
zefoing for this gage was approximated when the arm length was
changed from 20 to 30 feet. When the 20-foot arm was removed the
strain gage saw the loading of the pole alone and this was
adjusted on the signal amplifier to be approximately zero strain.
When the 30-foot arm was installed the strain increase reflected
the added tension load due to the moment created by the weight of

the arm. These strain values are to be used as change in strain
only.

Initial checkout involved zeroing the anchor bolt system in the
unloaded state and a checkout of system'baCkground noise. The
electrical signal generated with these sensors was very low and
any RF noise picked up by the signal leads and amplifying
components would possibly mask or modify the data signal.
Particular care was taken with signal lead shielding and
component grounding. Sensitivity of the system was determined to
be 0.001 kip for bolt load readings, 2.5 uE for prole skin strain
readings, and 0.001 g for luminaire accelerometer readlngs.
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Figure 21. POLE STRAIN GAUGE

R ' : . ' LG






13..° DATA ACQUISITION

Initial parameters entered during on-site program start-up were
tape number (BOXX), Julian date (1XX), location code (04680),
time (00,00), and wind speed to start (05,10,15,...etc. ). The
speed entered was the level to initiate data recording and the
program was written to take data for a minimum of one minute
before shutting down for a lower wind speed. This allowed us to
take one minute blocks of data without instantaneous spikes or
clipped data. Initially there was an operator selected maximum
wind speed which would halt the data taking process, but this was
eliminated due to the chopped effect it had on the recorded data.
The dlrectlon was restricted to a window of (+) (~) 20 degrees
from perpendlcular to the arm (northeast-east or southwest-west)
with computer software. In the winter months the wing varies
from 65 to 80 degrees and from April through October from 240 to
260 degrees (Figure 22 & 23).

The wind speed and direction sensors sent a signal to the
meteorological translator (signal conditioning) box which
converted the sensor signal to a linear voltage compatible with
the SumX data logger and the HP computer. During the HP computer
operation, this signal was reviewed for an acceptable level so
that the data recording process could be initiated. To direct
the data acquisition to specific conditions, the above limits
were imposed. Ideal conditions would be wind perpendicular to
the arm at specific constant speeds.

When sampling complex, periodic waveforms, there are some
important aspects to consider for minimum sampling rates to
define their shape. If the waveform is assumed to be sinusoidal,
scientists Nyquist and Shannon (3) determined that there must be
'at least two equally spaced samples per cycle to determine the
periodicity of a periodic waveform. "To apply this sinusoidal
analysis to a complex wave which is comprised of individual
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sinusoids, it is suffléient‘té consider the sampling rate effects
on the highest frequency sine wave component which makes up the
complex waveform" (3). Considering this guideline and the test
data taken on the prototype pole at Translab, the parameters were
sampled at varying rates. The bolt loading data was taken at 100
reédings per second. The acceleration data were taken at 500
readings per second. The wind speed and direction readings were
obtained at 20 readings per second. These sampling rates were a
compromise between number of readings required to accurately
define the waveform and the abilities of the computer to acquire
and-store the data. By sampllng at these rates, the possibility
of a11a51ng (error 1n measurlng frequency and peaks and valleys
“  in fatlgue ana1y51s)‘1s greatly reduced.

j ﬁsing Donaldson's definition of error in peak levels of sampled
Awa&eforms (3) we have maintained a potential error limit of 5
“ “percent and a data record length of approximately 1 hour.

Whéen reading 3 bolt loads, 1 surface strain gage, 3
accelerometers, 1 wind speed,;and 1 wind direction, the 2400-foot
magnetic tape on the HP computer tapé drive lasted approximately
58 minutes. The program was written to signal a switch closure
to the SumX data 1ogger when the tape ran out or if the computer
shut down. As stated previously, this appeared as a "B" flag

" after the voltage column in the SumX summary display. The SumX
data logger was accessed by telephone lines and a modem so that
1ts status could be monitored at Translab. In addition, the data
taken by the SumX system on cassette tape could be downloaded to
" the printer, or the disk drive, at TransLab. This reduced travel
‘to the test site and person time to a minimum. '
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14. DATA REDUCTION

The first stage of data reduction consisted of converting the
data storage medium from HP 9 track magnetic tape to data files
on the Compaq PC hard drive. Software was written for the HP
Model 2114 computer in the Air Quality Lab to read the HP 9-track
magnetic data tapes taken in the field and process the data
through a hard wire connection to the Compag PC. The 30-megabyte
hard disk was segmented into three artificial drives, C, D &

E, with the E section dedicated to this data storage. A backup
data tape was recorded on a mini-cassette (3M 100 series) on the
Conmpag PC tape system. |

All data taken for the Benicia test site were screened first by
examining the minimum and maximum readings in each data block.
These readings were printed on a graphic representation versus
time (Figure 24). This allowed visual inspection of the analog
trace to determine if there were system problems which would
produce inaccurate data.

When analyzing vibration data for fatigue occurrence, it has been
determined that fatigue is not dependent on average amplitude,

but upon the peak amplitudes and the sequence of peak stress
amplitudes which a component experiences. Therefore, it is
important to record an accurate measure of each peak and valley

as well ‘as the sequence of the'peaks and valleys in the data set (3)

.

Each data set consisted of corresponding values of bolt loadings
51, 82, & 83; accelerations Ax, Ay,& Az; pole base surface strain
84, wind direction W/D, and wind speed W/S, and time. These were
divided into 12-second data blocks. Minimum, maximum, average
values and the standard deviation (SD) were recorded for each
parameter. This data was recorded in Lotus 1,2,3 data files on

5 1/4-inch floppy disks. This format allows many data .
manipulations and graphical plotting.
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In addition, software was written to convert the raw data files
to a format that would be compatible with the commercial data
processing program, ASYSTANT. This program performs fast Fourier
transformations (FFT) on the loading and acceleration data to
determine the natural frequency and other harmonics for the
structure. See section 15.6.

53w



T

E

P



15. ANWALYSIS AND RESULTS
15.1 Meteorological Data.

The'meteorologicel conditions encountered for the period
February 1, 1987 to February 29, 1988 were not typical for the
area. The California weather patterns for these two winter
seasons were abnormally dry with few storm front passages. Wind
direction was steady from April through September at 250 (+) or
(-) 10 degrees. Peak average winds occurred during July and
August, with the high average of 13.6 mph. _The expected storm-
generated peak winds did not occur, but wind gusts over 44 mph
were documented. On occasion, winds did occur which could have
been higher than those measured, but either the direction was
outside the necessary conditions or electrical power outages
prevented data collection.

Wind gustiness is shown by the standard deviation of the wind
speed. For the test location the higher SD's occurred during
wind speeds of 20 to 25 mph and trended lower at higher speeds.

15.2 Wind Forces

Wind loading on structures is divided into two types: along wind
forces and across wind forces. The along wind forces are
dependent on wind speed, wind direction, air density, and shape
and the area of the object on which the wind acts. Therefore,
the wind force is:

P = CAq where C = shape factor
| A = area acted on
Q = wind dynamic head
P = wind force
Q = (1/2)pv2 p = air density
| V = air velocity
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Aﬁ%%ﬁditional-corred%ign faetgf, CH, coefficient of height above
the ground to the centroid of member the air acts on, should be
considered. This reflects the changes in wind speed near the

. ground as shown previously in Figure 7.

- This reduees to: P = 0,00256(1;3V)CCD, as noted in AASHTO
~specifications (5). '

Cp= drag factor

7;The w1nd measurements for this research were taken at the
'approx1mate height of the arm (35 feet from ground surface) where

" the most 51gn1f1eant wind forces occur for this structure.

”The shape factor is broken down 1nto two components, the along
wind .drag factor Cp and the across wind 1lift factor Cx. These
values for the object shape have been determined experimentally
in a wind tunnel for'different wind speeds (Fig. 25). They vary
*7with the Reynolds number (Re)} .an index of the flow character-
f'lstlcs expected to occur, of the wind flow over the

'cross -sectional shape.u

RE = pvd/u where p air density
V = air velocity

d = shape characteristic
(diameter)

1 = air dynamic viscosity

Re = Reynolds number
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This reduces down td Re = 778.4 Vd when using standard air
conditions, velocity in miles per hour, and pole and arm
diameters are in inches. This is important because the Type 31
pole and arm are constructed with a tapering cross section
(changing diameter) versus length. Therefore, the Reynolds
number is changing with wind speed and with pole height and
distance out on the arm. For example:

Reynolds Number *

Member Base Tip
Type 31 pole 1.9 x 103 3.4 x 10°
20 foot arm 7.4 x 104 1.6 x 105
30 foot arm 7.4 x 104 2.0 x 105

* Wind Speed = 40 mph
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15.3 Vortex Shedding

Winds generate forces other than those which are parallel to the
wind direction. One of these forces is dependent on vortex
shedding, a phenomenon which occurs when the wind separates on
each side of the structural shape and eddies or vortices are
formed. These vortices separate in a fluctuating pattern which
induces a suction force on alternating sides of the structure
perpendicular to the wind direction. This force is generated
only when the wind velocity is constant and unidirectional and
can be calculated by using the following:

F = (1/2)pV2CkA(Sin Wpt) | , ' (15)

Cx = 1lift coefficient

W, = frequency of vortex shedding
radians/sec.

= time in seconds

= force perpendicular to member

= area acted on

= air velocity

T o P ow
;

= air density

The air flow which causes this vibration is highly dependent on
the Reynolds number, the angle of the wind to the structure, and
the shape of the structure member. This phenomenon occurs
between Reynolds numbers of 300 and 300,000, but the higher the
number, the more likely the forces are random (11).

15.4 Strouhal Number

The vortex shedding phenomenon was first reported by Strouhal,
who described it with the nondimensional equation:



i

*ffequéﬁé? of full cycles of vortex shedding, (Hz)

D = dimension of the cross section normal to the
“flow (ft)

v ='wind-velécity (assumed laminar, ft/sec)

s —

Strouhal]number.

Checking the pole and arm diméhsions and the range of wind speeds
of interest, it is aﬁparent'that the Strouhal number eguals 0.18
to 0.20‘(1§); For fibw-around‘a cylinder, the Strouhal number
for Reynolds number above 105?variesfsighificantly, so designers
'should take this into account (Figure 26).

" previous research has shown that the maximum response from vortex
shedding occurred whén its ‘frequency was the same as one of the
" lowest natural fregquencies of the structure. When f, = £,, a
" wresonant condition’ oc¢curs. -

A

IE-iS-df'intérest thﬁt“theﬂstfouhal number varies with the shape
of the component the wind flows around. In the case of the
lighting standard arm,'as'the wind changes angle to the arm, the
" shape of the arm becomes an aﬁparent ellipse with a changing axis
“ dimension. This has a definite effect on the drag forces and the
" vortex shedding forces. '

15.5. Critical Wind Velocity

If one equates the frequency of vortex shedding to f, and solves
for Vg, this will give the critical wind velocity for structure
" vibration, where maximum displacement will occur:

ficd

Vo = fnD/S = Mcritical" velocity.




For tapered élements there is debate about the appropriate
diameter to use. Some authors have recommended the diameter at
the tip of the tapered section, where others have recommended a
calculated equivalent diameter or average diameter. For this

study the equivalent diameter and equivalent lengths, as noted in
AASHTO guidelines, are used.

Therefore, Vo = 1.02(0.7)/0.18 = 3.97 ft/sec or 2.7 mph

This is the critical wind velocity for the Type 31 pole alone,
based on the lowest natural frequency. The critical velocity for
the 20-foot arm is 1.3 mph and for the 30-foot arm it is 0.88
mph. These are theoretical values and the critical velocity for
the composite structure can be determined using the lowest
natural frequency determined by Fast Fourie Transform (FFT) (See

Section 15.6) from the field data for the pole and the arm as an
assembly.

Vo = 0.78(.53)/0.18 = 2.3 ft/sec or 1.6 mph

The wind loadings at these speeds are very low and vortex
shedding forces are not discernible in the field data. With all
the variables involved in the analysis of the Type 31 lighting
standard, varying wind speed, tépered structure members, and
varying wind direction, there is not a high probability of

observing significant changes in anchor bolt loading due to
vortex shedding.

Above a Reynolds number of 10° the flow becomes turbulent and
vortex shedding becomes random in nature. This causes the
structure to oscillate at lower amplitudes (this appears as
flutter in the member). This Reynolds number equates to 34.3 mph
for the 20-foot arm, 28.9 mph for the 30-foot arm, and 21.8 mph
for the Type 31 pole. At a Reynolds number of 3.5x10° alternate
vortex shedding stops and the wake becomes aperiodic (3). This
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“equates to 120 ﬁph‘fé}*the 20~foot arm, 101.2 mph for the 30-foot

arm, and: 76.3 mph for the Type 31 pecle. A significant amount of
data was collected at :the ‘field site for wind speeds up to 35 mph

‘for both arm configurations. This should encompass the
‘situations where vortex shedding would be a meaningful part of
“the wind forces. '

TABLE V
CALCULATED NATURAL FREQUENCIES

- Pole Type . Member - Natural Fred. Crit. Velocity
31 -~ Pole : ~ 1.02 Hz 2.7 mph
20" arm 1.12 Hz ' 1.3 mph
30" arm 0.63 Hz 0.88 mph

Natﬁral.Frequencfes Determinéd From Field Data by FFT

o Natural
' Pole Type . Member ©_Fred. 2nd Har. 3rd Har. 4th Har.
31 Pole/20'arm 1.07 Hz 2.44 Hz 8,64 Hz 12.96 Hz

- Pole/30'arm - 0.78 Hz 1.80 Hz 5.37 Hz 10.27 Hz
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TABLE VI
RANGE OF ACCELERATIONS & BACK BOLT LOADING

Pole A,, Range Ay Range T Bqk*
Type/Arm Max W/S* (g's) (g's) (kips)

31/20 43.7 mph +3.1/-3.5 +1.2/1.4 +0.58/+5.18

31/30 38.4 mph +2.2/-2.1 +0.5-1.3 +3.02/+6.70

* Peak wind speed within a window of +/- 10 degrees
perpendicular to arm.
** $7 is the back bolt, away from the luminaire arm
(See Figure 17).

TABLE VII
BOLT S; STRESS

Based on a bolt thread area of 0.606 inches
for a 1"-diameter bolt with coarse threads.

Measured Calculated Measured

Pole Type/Arm Max W/S Bolt Stress Bolt Stress Stress Range
31/20 44 mph 8548 psi 9540 psi 7590 psi
31/30 38 mph 11056 psi 13554 psi 6072 psi
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“The bolt stress wéswééiéuiafédfusing the IBM mainframe computer
' program "Traffic Signal & Lighting Standard Stress Analysis"
m{;l), provided by Caltrans Structures Division. These values
compare favorably Witp the measured values and are on the

. -conservative side.

-Relating the stress fanges to the fatigue cycle diagram (Fig 27),
it is clearly shown ﬁhat the bolt stresses, for the wind

conditions experienced, are well below the stress range to cycles
to failure curve out to a lifé_over 2x10% cycles. With the fact

that maximum bolt stress does not exceed this value even once,
the question of cumulative fatigue for winds up to 40 mph is not
- relevant. g '

“To project what WiﬁdQSpeed might produce, a stress range (greater
than 10 ksi) which would cross over thé fatigue curve, the top 10
percent of the maximﬁm and minimum S1 loads were used to develop
two dlverglng 11nes by regre551on analysis (Figure 28). Where
.these two lines differed by a T oad equivalent to 10 ksi for the
bolt, is the beglnnlng wind speed where fatigue damage may occur.
That speed is approximately 50 mph for the Type 31 with 20 arm,

" and approximately Goﬁmph for the Type 31, with 30 arm lighting
 standard. . .
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15.6 Fast Fou¥iéf Trangform (FFT)

A program was developed to convert the raw bolt loading and
luminaire'accelératidn data to a format that could be accepted by
the commercial scientific program ASYSTANT. This PC software
providds many mathemé%ical and graphical processes and options.
The main uéagé in this project was Fast Fourier Transform to
generate the power sﬁédtrum representing the data frequency. FFT
uses Fourier techhiqﬁés to digitally process analog input signals
with an algorithm that determines the Fourier coefficients and
generates a graphicaﬁ?displaYWOf'the spectrum. More simply, it
converts a time~domain signal into a representation of the signal
in the frequency domﬁin; In this study it is used to interpret
‘the natural frequencfﬂof the lighting standard structure and the
related harmonics (Table VII). As the wind speed increases 41
additional harmoniCsuappear in the FFT results, these are still
well under the Niquiét frequency as determined by the sampling

. rate.

i TABLE VIII
20' ARM FFT POWER SPECTRUM (Hz) VS. WIND SPEED

QW/S‘ Natural Freq. 2nd Harm. 3rd Harm. A4th Harm. Sth Harm.

A

. 37.mph  1.07 Hz . ' 2.44 Hz 8.61 Hz 12.94 Hz -
" 26 mph 1.07 Hz - 2.44 Hz - 8.64 Hz 12.99 Hz -
20 mph 1.07 Hz - 2.46 Hz  8.67 Hz  12.96 Hz -
17 mph 1.07 Hz 2,44 Hz  8.63 Hz  12.94 Hz -

“ 10'mph  1.07 Hz °  2.47 Hz  8.69 Hz - -

BO'EArm‘FFT §0wer Spectrum (Hz)

25 mph  0.78 Hz - 1.80 Hz  5.37 Hz  10.27 Hz 15.87 Hz
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15.7 Data Plots

The following figures are presented as general information for

the reader with a brief description:
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l6é. FIELD INSTALLATION PROBLEMS

Some anchor bolt failures occurred after the diameter was
increased from 7/8—inch‘to 1 inch. We now conclude, because of
the load ranges measured, that these are probably related to
construction personnel installation errors. Installation
problems varied from trying to bend the high-strength anchor
bolts after the concrete had cured, to over or under tightening
the fasteners,

The poténtial for damage to high-strength anchor bolts ﬁhen bent
cold, is due probably to 6rack initiation at thread roots, i.e.,
a stress riser point. After this initial loading past the stress
fatigue limit the crack growth accumulates as much lower stress
cycles occur (18). When the cross section carrying the pole load
is reduced such that the ultimate stress limit is exceeded, the
bolt fails.

The pole base, bolts, and fasteners are galvanized and this
surface treatment is occasionally very rough and uneven. When
the fasteners are installed with minimum preload, the crush of
these many galvanized surfaces in time can result in a very loose
connection. A loose connection allows hammering-type load
reversals on the bolt, which if enough cycles at a high-stress
range are experienced, fatigué failure will result. Another
problem with galvanized fasteners is the potential for hydrogen
embrittlement. Hydrogen damage is caused by the diffusion of
hydrogen into the crystal structure of steel and reacts with the
carbon thus creating voids which may ultimately produce failure
(19). A baking treatment after pickling but before galvanizing
will drive off the hydrogen and help prevent this condition.

 An additional type of failure can be produced by stress

corrosion. This is caused by alternating stresses set up by
vibration, or other periodic mechanical or thermal changes (19).
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The failure mode develops along stress concentration points and
tends to be transcrystalline.

Where cracks develop, corrosion
can penetrate into the metal and accent the preblem.

-
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17. ENVIRONMENTAL EFFECTS

Fatigue failure is greatly accelerated if an initial crack is
present at a location of high stress. There are other factors
which can cause the initiation of a crack, or change the rate of,
fatigue failure. These can include humidity, sait-water,
temperature, acidity, etc. In some cases, the installation
situation may leave the anchor bolts exposed during the winter
months to salt used on the roadway for snow removal. A saltwater
environment will strongly influence the time to crack initiation
and increase the growth rate for aluminum and steel components.
The chloride in the salt can cause quick dépletion of the
protective zinc layer and lead to early pitting and rusting. The
resulting corrosion pitting can initiate cracking and accelerate
the reduction of the bolt cross section. The smaller cross
sectional area will raise the stress level to a point where
failure by fatigue will occur.
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APPENDIX A

Test Summary - 1" Diameter Anchor Bolt

¢ Ken Pinkerman April 8, 1987
Prepared by: Jeffrey M. Ziehm
Translab - Structural Materials Branch

Test Summary for 1" Dia. A449 Anchor Bolts/Al94 Nut
Used in Type 31 Light Std. Wind/Stress Tests Type 31
Light Std. from Caltrans Std. Plan ES-6E

EA: 54-637330

Anchor Bolt is ASTM A449 - Type 1 Steel

Nuts are ASTM Al%94, grade 2H

Tests Passed:

Anchor Bolt ASTM 2449 & F606
ASTM A449 & A751
ASTM A449, Al53 & B695

Nuts - ASTM AS563, Al94 & A370 (Mechanical) Thread
tolerances as per ASTM A563 and Caltrans

Standard Specifications 86-2.03

Test Failed:

Anchor Bolt - ANSI bl.1 CLASS 2A (Thread
Tolerance)

1" Dia. ASTM A449 Anchor Bolt
hanical Tests (ASTM A449 & F606) See Test Report #1.

Alternative Proof Load - Yield @ 0.2% offset.
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The bolt Waé'gfaduéily loaded while the elongation in the bar was
- measured with a dial'gage mounted between the grips in the
testing machine. The resulting loads and deflections were
recorded on the stress/straln Worksheet and used to produce a
load/elongatlon curve. After plotting the points, several
different slopes were used to fit a straight line to the points
representing the elastic portion of the curve. Then a parallel
line was drawn offset to the right of the 1lst line by an amount
equal to 0.2% of the length of the specimen measured between the
machine grips. Siﬁce the length of the specimen being stretched
was 6.25", the offset line was drawn (6. 25){.002) or 0.0125" to
the rlght and the Yleld Point is the load at the intersection of
the two lines. ThlS produced the graphs in Figures 1A through

1E. Figure 1A was chosen as most representative which resulted a
Yield Point of 74,000 1lbs.

vield Point @ 0.2% offset = 74000 1bf. > min. 55,750 1bf.
required. The;efore the test paSSes. Or load / stress area
— 74000 1b./ 0.606 square inches = 122,112 psi. > min. 92,000
"psi. required, therefore, test passes.

' LA ;

Ultimate Load (load at failure) was 83,650 lbf. > 72,700 lbf.
therefore test passes. Or load/stress area = 83,650 1b. /

. 0. 606 square 1nches = 138 036 psi. > 120,000 psi. required,
therefore, test passes.-

HardneSs (RockWell c Scale) See Test Report #2.

A transverse section of the bar was cut and the flat ends sanded
smooth. A set of 4 readings were taken and averaged from each
flat end of the tfansverse section. The readings were taken at
midradius, 90 degrees to one another. A set of 5 readings was
also averaged from the outer shaft of the bolt atfter the zinc was
removed and the bolt sanded smooth. The hardness range required
for 1" diameter A449 bolt for Rockwell C Scale = 25 min. to 34 max.
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Test #1 Average = 25.05 > 25 and < 34 therefore the test passes.
Test #2 Average 25.275 > 25 and < 34 therefore the test passes.
27.34 £> 25 and < 34 therefore the test passes.

I

Test #3 Average

Chemical Tests (ASTM A449 & A751) See Test Report #3.

Chemial % Required (Type 1) Tested @ Passed/Failed
Carbon 0.25 - .58 0.51 Passes
Manganese 0.56 (min.) 0.82 Passes
Phosphorus 0.048 (max.) Non Detected Passes
Sulfur 0.058 (max.) 0.04 Passes

Zinc Galvanizing (ASTM A449, Al53 & B695) See Test Report #4.

Diameter of Bolt - With Galvanizing 0.921" Without Galvanizing
0.902" Actual thickness of Coating = 0.921-0.902/2(3x10E1l/2)
= 0.0055" 1 oz./sgq. ft. = 0,.0017 in. thickness.

Actual Wt. of Zinc Coating = 0.0095"/0.0017“(3x10E1/2)

= 3.23 oz./sq. ft. Min. Wt. of Zinc Coating for Individual
Specimen - Class C Material = 1.25 Fastener = 3.23 oz./sq. ft.
> 1.25 o2./8¢. ft., therefore, test passes.

Thread Tolerances (ANSI Bl.l, for bolt & ASTM A563)
Anchor Bolt: 1-8 unc - Class 2A, before galvanizing.

Max. Pitch Dia. for Class 2A fit = 0.9168"
Min. Pitch Dia. for Class 2A fit 0.9100"

Pitch Diameter after stripping 2inc = 0.903" on one end of Bolt
and 0.902" on the other end. Threads on both ends of Bolt

< 0.38100", therefore, pitch diameter is too small for class 2A
fit - Test Fails.
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APPENDIX B

Test Summary - 1" Dia. ASTM Al94 Grade 2H Galvanized Heavy
Hex Nuts

Mechanical Tests (ASTM AS563, Al94 & A370) See Test Report #5.
Hardness (Rockwell C Scale) - The bearing face of the nut was
sanded smooth and free of zinc. A set of 5 readings were then
taken on the bearing face and averaged, giving an average
hardness of 25.88. The hardness range for a 1" diameter Al194
Grade 2H Nut on the Rockwell C Scale = 24 to 38.

24 < 25.88 < 38 therefore test passes.

Proof load - Nut was tested on a threaded mandrel made of S-7
steel with Class 3A thread tolerances.

1" Nominal Size Nut - Grade 2H Heavy Hex -~ was proof loaded to
106,000 1bf. based on a proof stress of 175,000 psi.

After the load was removed the threads were inspected and it was

found that no stripping, rupture or any detectable damage to the
threads had resulted. Therefore, the nut passes the proof
loading test. )

Thread Tolerances ANSI Bl.l, Class 2B as per Caltrans Standard
' Specifications Section 86-~2.03.

The nuts were checked with a thread gage for galvanized products

and it was found that nut overtapping conformed to Caltrans

Standard Spec. 86~-2.03 and was not excessive. Therefore, the nut
passes test.

The data and test reports are on file at TransLab.
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APPENDIX C
StrainSert Calibration Data
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STRAINSERT CALIBRATION DATA.

Department of Transportation Q-8641
Sacramento, CA Strainsert Job No.

Date: /. 3-%86

Customer P.0. No. 54F224 Sign: ﬁaYn

Transducer: Threaded Stud, as supplied by customer
' (SS-FB) 1-8NC x 24-1g.
(3502/150°F) H T1 K S

Gages: EA-06-100ZF-350 Type: H
Service Temp.: 1500F Max. Ins. Res.: Over 10,000 megohms

CAL TEMF &B°F B/N @BB&41-2

STRAIGHT :
) L INE DEVIATIONS=Hy /Y
LOAD . SIGNAL REF
FOUNDS _mv/Y RUN-1  RUN-2  RUN-T Hy/V
0 0 o) O 0
5,000 0. 300 1 1 1 0
10, 000 Q. 600 O 0 0
15, 000 0. 900 -1 -1 -1 O
20, 000 1.200 -1 -1 -1 Q
25, 000 1.500 O -1 0
20, 000 1.200 0 . O
15, 000 0. 900 O 0 -1
10,000 Q. 600 Q 0 0 O
5,000 0. 300 1 0 0 1
5] ] S+ 0 O Q
HYSTERESIS 1 1 2
CALIBRATION ANALYSISS
NON-LINEARITY: 1 FARTS IN 1,500 = 0.07%
REFETITION
LOADING = 1 FARTS IN 1,500 = 0.07%
UNLOADING: 1 FARTS IN 1,500 = 0.07%
ZERO LOAD: 0 FARTS IN 1,500 = 0.00%
. MAX. LOAD: 1 FARTS IN 1,500 = 0.07%
END FOINT : 1 - PARTS IN 1,500 = 0.07Y%
HYSTERESIS 2 FARTS IN 1,500 = 0O.13%

CALIERATION RESULTS ARE TRACEABLE TO N. B. S.

SHUNT CAL: 73,000 DHMS CONNECTED E+ TO S+ = + 20,216 FOUNDS.
. g1~
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it STRAINSERT CALIBRATION DATA
}:ﬁDepartment of Transportat1on Q-8641
‘Sacramento, CA Strainsert Job No.

Date: }/- 4-8(

Customér P.0. No. 54F224 . Sign: :37”

Transducar: ‘Threaded Stud, as supp11ed by customer
1 (SS-FB) 1-8NC x 24- 1qg.
(3509/150 F}Y HT1 K S

|6ages: EA-06-100ZF-350 - . Type: H

~|Service Temp.: 150°F Max. - Ins. Res.: Over 10,000 megohms
- CAL TEMF &8°"F g ' " B/N QB&41-T

BTRAIGHT .
LINE" DEVIATIONS-nv/V
LOAD . BIGNAL o REF
FOUNDS mv/Y BUN-1 _ RUN-2 _ RUN-3 INAY,
o s 0 - 0 o - 0 o
5,000 . ©  0.3I00 ° I z 2 1
10,000 | 0.600 " 3 oz 2 1
15,000 7 0.500 A | 1 1
20,000 ¢ 71,200 1 0 1
25, 000 " 1,500 -5 @ -8 -& 1
7 20,000 1.200 ¢ -3 ~4.5 -4 1.5
K 15,000 ¢ ' 0.900 -5 ) . =6 1
10,000 7 0.800° -10 =10 -10 0
S5y000 ¢ Q.300 -8 -5 -9 1
S0 ;f; 0 0 o 0 0
HYSTERESIS 13 12 12
ca LIBRATIDN ANALYSIS: | |
NON*LIN@QRITY: 6 FARTS IN 1,500 = 0.40%
REFETITION |
LOADING 1 FARTS IN 1,500 = 0.07%
UNLOADING: ' 1.5  PARTS IN- 1,500 = 0.10%
' ZERO LDAD: 0 FARTS IN 1,500 = 0.00%
- MAX. LDAD: 1 FARTS IN 1,500 = 0.07%
END PDINT' i 6 FARTS IN 1,500 = 0.40%
HYSTEREBIS : 1T FARTS IN 1,500 = 0.B7%Z

' 'ADALIBRATIDN F{ESULTS ARE TF\ACEABLE TO N. B, 5.
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APPENDIX D

Accelerometer Data Sheets
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; 12401 'HEBT OLYHPIG BLVD.. 1.08 MIGE!.ES 84. GALIFORHIA

RIS UL S AT AL iy . )

ACCELEROMET'ER DATA SHEET

_ DATE: 11-6-61 ‘ A
. CUSTOMER: STATE OF CALIFORNIA >
A ' CUSTOMER'S. ORDER NO. 13413 Est, No. 131465
i OUR PRODUCTION No. 1211-1-1F . ' : o

OUR SPECIFICATION NO. 12417-5 - . <

This report has been prepared by our Standords Laboratory. The following date are ‘mportant to
the operation of the accelerometer:

" ACCELEROMETER MODEL NO. A301-5- 350
SERIAL NO. 171
- ACCELERATION RANGE: = 5 G

INPUT TERMINALS: 1 and 4 (Green and Red)
OUTPUT TERMINALS: 2 and 3 (Black and White)
EXCITATION — E; O volts
INPUT RESISTANCE — Ry;: 343.2  ohms
OUTPUT RESISTANCE —R: 343.2  ohms

CALIBRATION FACTOR — F: 548 .8 microvolts (open circuil] per volt per &

The strain sensitive resistance wire elements of the transducer are arranged in the form of a Wheat--
stone bridge. Either ALTERNATING or DIRECT current may be used to excite the accelerometer,
depending upon the requirements of the Indicoting or recording instrument. _ )

Seps= maTeunt ﬁtj%é« ey

o e

Form #1 Statham Insirumants, Inc., 12401 W. Olympic Bivd,, Los Angelea 64
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‘ACCELERGMETER DATA SHEET

. DATE: 11 6 61 3

cUsTOMEr: STATE OF CALIF, : 7
CUSTOMER'S ORDER NO. 13413, E8t. No. 131465
OUR PRODUCTION NO. 1211-1-1F

OUR SPEC!F!CATION NO. 12U417<5 ' : : L
This report hds been prepured by out Standards Laboratery. The followmg data are important to E

the operation of the accelerometer:

ACCELEROMETER MODEL NO: A301-5=350
- SERIAL No. 172 :
ACCELERATION RANGE: * 5 G :

INPUT TERMINALS: 1 and 4 (Green and Red) . _ 3
OUTPUT TERMINALS: 2 and 3 (Black and White) -
EXCITATION —E: 9 volts
INPUT RESISTANCE — Ry 344.8  ohms
OUTPUT RESISTANGE —=R: 3U4.7  ohws P
CALIBRATION FACTOR =i F: 5)4-5 _ microvolis {open circuit) per volt per G I
The straifi sensitiva rosistance wire slemant of the transducer are arranged in the form of @ Wheat- f‘
stone bridge. Either ALTERNATING or DIRECT cuirent mdy be uied to excite the accelerometaer, i“,
dependmg upon the requ:remems of the indicating or recording instrument. -
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I OUR PRODUCTION NO. 1211-1-1F 3
OUR SPECIFICATION NO. 12417-5
‘ f This report has been prepared by our Standards Laboratory. The following dota are important to k.
. . the operation of the accelerometer: [
_ . 3
ACCELEROMETER MODEL NO. A301-5-350 a
SERIAL NO. 173 3
ACCELERATION RANGE: + 5 G L
~ INPUT TERMINALS: T and 4 (Green and Red) 4
OUTPUT TERMINALS: 2 and 3 -(Black and White) L
- EXCITATION —E: 9 volts
INPUT RESISTANCE — Ry 343.6  ohms i
OUTPUT RESISTANCE ~-R: 343.5  ohms _ SR £
' :CALIBRATION FACTOR —F: 579.0  microvolts [open circuil) per volt per G !
The strain sensitive resistance wire elements of the transducer are ﬁrrunged in the form of a Wheat- i
stone bridge. Either ALTERNATING or DIRECT current may be used to excite the accelerometer,
depending upon the requirements of the indicating or recording instrument. s
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APPENDIX E
Signal Conditioning Specifications
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1.0
1.1

1.2

2.0

DESCRIPTION S 2.1
GENERAL INPUT

The 2300 Series instruments comprise a versatile

'multi-channel system for conditioning and amplifying

low-level signals from strain gages (or strain-gage
transducers) for display or recording on external
equipment. Each 2310 Signal Conditioning Ampiifier
is separately powered and electrically isolated from
all others (and can be powered with separate line
cords), although normally groups of amplifiers are
inserted into a mutti-channel rack adapter or portable
enclosure.

The Model 2350 Rack Adapter accepts up to ten
2310 Amplifiers for mounting in a standard 19-in
{483-mm) rack; the Mode] 2360 Portable Enclosure
accepts up to four 23]0 Amplifiers for more port-
able use.

Each Model 2310 Amplifier incorporates precision
high stability bridge completion resistors and dummy
gages, and four shunt-calibration resistors, and is
complete and ready for use as delivered — only ac
power is required via the Portable Enclosure, Rack
Adapter or separate ac line cord. Input and output
connectors are supplied with each amplifier. '

SIGNIFICANT FEATURES

The 2300 Series is designed to provide features
essential for accurate stress analysis data in a broad
range of measurement appllcatmns Principal features
include:

e Fuily adjustable calibrated gain from 1 to 11 000.

¢ Accepts all strain gage inputs{foil or piezoresistive),
potentiometers, DCDT’s, etc.

¢ Bridge excitation from 0.5 to 15 Vdc (12 steps).
¢ Input impedance above 100 megohms.

s Three simultaneous buffered outputs: £10V,
+1.4V (for tape recorders), and a 75-mA galva-
nometer output,

¢ Wide-band operation exceeding 25 kHz, —0.5 dB
at all gains and output levels,
¢ Four-frequency active filter {10 to 10 000 Hz).

¢ Dual-range (£5000 and +25 000ue) automatic
bridge balance, with keep-alive power to preserve
balance for months without external power.

BRIDGE

® Dual-polarity 2-step double-shunt calibration. SHUNT
* QOptional remote calibration and auto balance reset.

® Playback mode to filter and observe or re-record
previously recorded magnetic tape data.

¢ and many other convenience features.

SPECIFICATIONS

All specifications are nominal or typical at +23°C
unless noted.
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2310 SIGNAL CONDITIONING AMPLIFIER

Strain gages: quarter, half, or full bridge
(50 to 1000£2). Built-in 12082 and 35082
dummy gages,

Transducers: foil or plezoresmuve strain
gage types.

Potentjometers,

DCDT inductive transducers.

Twelve settings: 0.5,0.7, 1, 1.4, 2, 2.7,
3.5,5,7,10, 12 and 15 Vdc #1% max.

Current: 0-100 mA, min, limited at
175 mA, max.

Regulation (0-100 mA, £10% line
change): £0.5 mV =0.04%, max
measured at remote sense point. (Local
sense: —~5 mV, typical, @ 100 mA,
measured at plug.)

Remote sense error: 0.0005% per ohm of
lead resistance (35082 load).

Noise and ripple: 0.05% p-p, max (dc to
10 kHz).

Stability: $0.02%/°C

Level: normally symmetrical about
ground; either side may be grounded with
no effect on performance.

Method: counter-emf injection at pre-
amp; automatic electronic; dual range;
can be disabled on front panel.

Ranges (auto ranging):

+5000ue (1% bridge unbalance or
2.5 mV/V), resolution 2.5ue -
(0.0012 mV/V),

25 000ue (5% bridge unbalance or
12.5 mV/}V), resolution 12.5ue
(0.006 mV/V).

Balance time: 2 seconds, typical.

Manual vernier balance range: 100ue
(0.050 mV/V).

Interaction: essentially independent of
excitation and amplifier gain,

Storage: non-volatile digital storage with-
out line power for up to 2 years.

Circuit (two-level, dual polarity): Single-
shunt (for stress analysis) across any
bridge arm, including dummy gage.

Double-shunt (for transducers) across
opposite bridge -arms,

Provision for four dedicated leads to
shunt external arms.

CAL circuit selected by switches on p.c.
board.




- AMPLIFIER

FILTER

'AMPLIFIER
OUTPUTS

© ‘Standaid -factm'y-inst'ﬁﬁéa resistors
(10.1%) simulate:

200 and +1000u¢ @ GF=2 across
dummy half bridge;

+1000ue @ GF=2 across dummy gage
(12082 and 35082).

11 mV/V (double-shunt) for 3500
transducer.

Remote-operation relays (Option Y);
four relays (plus remote -reset relay for.
bridge balance and relay forexcitation

on/off). Each relay requires 10 mA @
5 Vdc, except excitatioh onfoff 25 mA,

Gain: 1 to 11:000 continuously variable.
Direct-reading +1%, max.

10-turn counting knob (X1 to X11) plus
decadé multiplier (X1 to X1000).

Frequency response (all gains >§, full

‘output):

de coupled: dc to 25 kHz, ~0.5 dB max.
dc to 65 kHz, —3 dB typical
at 40% output;
-ac coupled: 5 Hz to 25 kHz, -0.5 dB

Input impedance: 100 mﬂ, min, dif-
ferential or commo’n-mode, including
bridge balance circuit. -

Bias current: +() O1A, itypical, each
input.

Source impedance: ‘0'to 10002 each
input,

Common-mode voltage: +10V.
Common-mode rejectlon (gain over
X100):

Shorted input: 100-dB;'min, at-dc;
90-dB, min, dc to 1 kHz

35082 balanced input: 90.dB, typical,

(dc to 1 kHz.

Stability (gain over X100): £2 uV/°C
max, RTI (referred to input),

Noise (gain over X100, all outputs):
0.01 to 10 Hz: 1uV p-p RTL

0.5 to 50kHz: 5 #Vrms, max, RTI

‘Characteristic: low-pass active 2-pole

Butterworth standard.

Frequencies (—3 ¢1 dB): 10, 100, 1000
and 10 000 Hz and w1de band.

Outputs filtered: any 1°or 2 or all
(switch-selected on p.c. board).
Staridard output: £}0V'@5 mA, min.
Tape output: +1.414V (1 Vims) @

S mA, min.

POWER

SIZE &
'WEIGHT

POWER

Galvanometer output; 10V @ 75 mA.
min, current-limited at 100 mA, max
{minimum load resistance for 0.05%
linearity: 5082). R
Galvanometer attenuator(0- 1:00%) and
zero adjust (£1V)-on front panel.
Linearity @dc: 0.02%.

Any output can be short-circuited with
no effect on others.

PLAYBACK Input: £1.414V full scale; input imped-
ance 20k,

Gain: X1 to tape output; X7.07 to
standard output,

Filter selection: as specifed above.

‘Outputs: All three, as specified above.

105 to 125V o1 210 to 250V (switch-
selected), 50/60 Hz, 10 watts, max.
Keep-alive supply (for bridge balance):
2 Eveready S76E or equal. Shelf-life
(approximately 2 years).

Panel: 8.75 Hx 1.706 Win (222.2 x
43.3 mmj.

Case depth behind panel: 15.9 in

{404 mm).

Weight: 61b /2.7 kg).

22 2350'RACK ADAPTER
APPLICATION Fits standard 19-in {483-mm) electronic

-equipment rack.

Accepts up to ten 2310 Amplifiers,
AC line completely wired.

Wiring for remote- calibration with
‘Option Y.

2-ft {0.6-m} 3-wire line cord; 10-ft
(3-m) extension cord supplied.

Fuse: 1 A size 3 AG (32 x 6.4 mm dia.).

Receptacle to accept line cord from
adjacent 2350 Rack Adapter.

875Hx 19 Wx 17.87 Din overall
(222 x 483 x 454 mm).

13.51b(6.1 kg)
2.3 2360 PORTABLE ENCLOSURE

DESCRIPTION Convenience enclosure to accept up to four
2310 Amplifiers.

AC wiring complete.
Wiring for remote calibration with )
Option Y,

8-ft {2.4-m) detachable 3 -wire cord.

Fuse: 1/2 A size 3 AG {32 x 6.4 mmdia. ].

SIZE &
'WEIGHT

POWER
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STATE OF CALIFORNIA
DEPARTMENT pF TRANSPORTAT 10N
UFFICE OF TRANSPORTATION LARORATORY

ANEMOMETER
CALIBRATION REPDORT

FOR DISTRICT 1 19 DATE : g/ 2/89

- ———
. LOCAT roNn s Transgmrtat1on Laboratmrx
. INSTRUNENT MAKE AnD MODEL - Climet B1i-1
_____“_____*__“____“__ﬁ_m__ﬁ___h

BERIAL ARD/OR CHC NG. : No I. D.

HIND TUNNEL chue NGO, 12184
_-‘-—.-_-__._—.— .

HMANOMETER :_Dwyer Mode]l B774 - to 1.0 inches of water,

PITHT FURE » Unitegd Sensor and Y

CAL IBRATION DATA
===Enn il UN DATA

TEMFERATURE BAROMETRIC WIND SPEED ,
WET BULE _ DRY puLg IND, MAND FRESS, ACTUAL _ INDICATED
&7.5 54 - B. 727 29.9@ 39.75 40, 4
&67.5 93.5 — 0. 493 29.90 29.59 0.9
67.5 93.5 - B.187  29.9q 20.16  2g.o
67.5 91,5 ~ 8.244 29.9p 7.88 12.@
&7 8y - @.011 29 _op 4.87 4.8
&7 89 - B.00B = 29, 9p @.09 0.4

LEAST SEUARES REGRESSI1ON -
' Slope = 1.01m5
Intercept = B.@a7e>
Cnrrelatimn coefficient = @. 7909

_______._._______.___,_______.______,.._____.,_,._______.___.._,___._,___.__.______.._,______,_.__,______,_________,._,____________

COPIES - File CALIBRATIQN BY : R.L. Cranmeor
A ——ete Lamer



T

b

. gTATE OF CALIFORNIA
DEPARTMENT -DF TRANSPORTATION
GFFICE OF TRANSPORTATION L ABORATORY

WIND. DIRECTION VANE
T CALIBRATION REPORT

DATE =8/ 2/8%

LI~ VA A=

« FOR DISTRICT = 12 5 . _
LDCATIOGN = Transportation Laboratory
INSTRUHENT MAKE AND HODEL = Climet a12-18

SERIAL NO. : 3547 - ' ) .

TRANSLATQR MAKE AND MODEL : climet nsa—10

cHC NO. 3_1179% . '

__.._....__.._..__..__..._.-.__...___.._..,.,-_..____..____.._.._....._._...__...._.._._._.._.._._...._.__.._._..._.___.._...._..._._...._._._.____..,_..._..

. cALIBRATION DATA

‘pegres Wheel 7, indicated
Setting : Direction
. @o . : i 40
9@° B ) 922
188 i : B 179°
27@° . B 26T
Y ' 3579
A5@° - o 4479
542° O . . 178=
4582 o : 447"
% St 357°
2709 . : o 2699
iB@° : : 1759
- 9p° R S 7z

2o b | P

© LEAST SEUARES KEGHESSION - (data logger printout)
- Slope = 0.988L.

Intercept = T.b4 ‘
Cnrrélation cqéf%icient = PB.999°8

_-._...._..-._.._._...—....._...—_.-..._._.._‘..'__-_..__....._..__-___-._._.-_.._—_-...—_—._-_-.-...._._‘_....-.._...._-._-_-._...._-_-.._.._._.—_...._._

- COPIES ¢ File © CALIBRATION BY : R.L. Cramer

Signed:
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wlreduce.apd
09/18/89

WIND LOADING DATA REDUCTION

The raw data was moved from the mag tapes to the PC and placed in
data files with following format: '

The data is divided into blocks of 32k bytes each. The blocks
are numbered sequentially and given matching file names (BOOO1,
B0002, BOOO3 etc.). The files are stored on 10 meg data
cartridges, 300 blocks to a cartridge (300 files times 32k each
= 9,830,400 bytes). Each of the mag tapes produces 2 data
cartridges.

The blocks or files are binary data which are 2000 ‘records’,
each composed of 8-2 byte integers. Each ’record’ is one of four
possible data types and the type of data contained in each
'record’ is determined by examining the left most 3 bits of the

first byte:
byte 1 byvte 2 byte 3
00000000 00000004 QQ00Q000 eto.
First 3 bits . Data Type
.1. 000 Header record
2. 001 ‘ Clock and Wind data
3. 011 Accelerometer data
4, 100 Accelerometer & Strain data

Within each ’'record’ the data contained in the 8-2 byte fields
is as follows:

1. HEADER RECCRD
(header records are normally only written once per tape)

1st 2 byte integer Julian date (after stripping out the
record type from the 1st 3 bits)

2nd 2 byte integer " Not Used

3rd 2 byte integer Not Used

4th 2 byte integer Location Code

5th 2 byte integer Tape Number

6th 2 byte integer Wind Speed On

Tth 2 byte integer Not Used

gth 2

byte integer Not Used
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. 09/18/89

2. CLOCK & WIND DATA

(normally written every tenth of a second)

1t
- 2nd
3rd

4Ath
Bth
gth

7th
8th

byte
byte
byvte
byte
’b&te

Byté

‘byte

byvte

intééer
integer
integer

integer
intéger
inféger

integer
integer

Not Used

Minutes since midnight

Tenths of a second into minute (divide
by ‘10 to econvert to seconds)

Wind Speed (multiply by 0.08 to

-convert to mph)

Wind Direction (multiply by 0.54 to
convert to degrees)

Rot Used

Not Used

Not Used -

3. ACCELERATION DATA
(written every:0.002 seconds or 0.0033 seconds)

1st 2

2nd
3rd
4t h
5th
gth
Tth
gth

DY B3 DO I IO 1 0O

byte

byte
byte
byte
byte
byte
byte
byte

integer

intéger
integer
integer
integer
integer
integer
integer

Acceleration 1(1) (after stripping out
the record type from the 18t 3 bits)
Acceleration 2(1)

Acceleration 3(1)

Not Used

Not Used

Not Used

Not Used

Not Used

4H_ACCELERATION:& éTRAIN DATA
(normally writﬁen every 0.01 seconds)

1st 2

Znd
3rd
4th
Ath
gth
Tth
gth

B 0O B9 D) DO 0 D

.

byte

“byte

byte
byte
byte
byte
byte
byte

integer

integer
integer
integer
integer
integer
integer
integer

Acceleration 1(1) (strip out the record
type from the 1lst 3 bits)

Acceleration 2(1)

Acceleration 3(1}

Strain 1(2)

Strain 2(2)

Strain 3(2)

Strain 4(2)

- Not Used

(1) For all Accelerometer data multiply by 5 and divide by 1000 to
.. convert ‘to g's) .
':(2) For all strain data divide by 120 to convert to micro inches)
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wlreduce.apd
08/18/89

It was decided to summarize the data for 12 second intervals so that
each interval would provide enough data for the Fourier analysis and
since the data collection was in 1 minute increments and 60 seconds
is evenly dividable by 12. The raw data was processed with the
WLSUM computer program (compiled Quick Basic). WLSUM provides
summaries of each 12 seconds of data and writes the summary to a
file which can be read by Lotus 1-2-3. Each 12 second summary
contains the following information:

Tape ID Tape Identification Number
Start Blk Beginning block for the 12 sec summary
Rec Beginning record within the block for the
SUmmMary. _
" Min ' Beginning minute in minutes past midnight
for the summary.
" Sec Beginning seconds of the beginning minute.
Total Sec - Total number of seconds of data that are

included in the summary. Since data
collection was set to terminate at 80 sec
intervals the vast majority of the data
summaries are for the full 12 sec. (except
in cases of manual or abnormal data
collection termination).

Wlnd Speed Avg Average wind speed.
sd Standard deviation of the wind speed. A
indicator of gustiness.
" ) min Lowest wind speed during the 12 seconds.
" ' max Highest wind speed during the 12 seconds.
Wind Dir. Avg Average wind direction {in degrees).
) " sd Standard deviation of the wind direction.
" " min Smallest or left most wind direction.
" max Highest or right most wind direction.
Al, A2 & A3 min Lowest acceleration rate for each

accelerometer during the 12 sec. .
Al, A2 & A3 max Highest acceleration rate during the 12 sec.

31, 82, 83 & Lowest strain reading for each strain gage
5S4 min during the 12 sec.
81, B2, 83 & Highest strain reading for each strain gage
S4 max during the 12 sec.

The resulting Lotus 1-2-3 WK1 file, while quite large, (1,370,404
bytes for the 30 ft mast arm WKl file) provided an easy method of
analyzing the data. The data could then be sorted, selected and
graphed on any of the variocus parameters to examine the effects of
wind. speed, direction, gustiness etc.

The power spectrum analysis was done using ASYSTANT, a numerical and
statistical software package., ASYSTANT has the capability of doing
a fast Fourier transformation (fft) on up to 4096 data points and
the ability to graph the results. The program WL2ASYST.BAS (a
modification of the WLSUM program) was used to extract the desired
data from the blocks of raw data and write it in a form that could
be imported into ASYSTANT. -
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Lm0 SR

"RRHEEEREESREESEER Supmarize wind data & write lotus file S¥E4E®EREREEREEN

'+ RLSUM.BA
‘§ Bick
‘¥
‘¥
"§
‘s
‘¥

TR EAREE R R R AR AN R R R R R R R R R R R R R L E R E R R SR AN RS0

Collidthy
LotWiothl, Integl)
{Rowt, Coluand, ColWidtht, Mag$)

BPTION BASE

DECLARE SUB WriteNusber (Row?, Columni
DECLARE SUB ﬂriteInte?er {Row Enlumni
DECLARE SUB Writelabe

8
Hood

The 1-2-3 routines are adapted from programs published

by PE Magazine in Dec. BB.

Some of the wind load data routines are adapted from

garlier work by Charlie Fraizer

1

BIN SHARED FileNun, Temp RS INTEGER
DIN readznﬁs INTEGER

DK SHAR
DIN CNZ128)

DIH 54

DIN HaxB5(4), MinS(4)
"LOTUS Column Width

Rect, MUNLEY, L$GBI, HE()

" Column widths
DIM AL(3), MaxAZ(3y, Hipflld)

ata ‘
A CNE(21)
& CHL(22)
&: CNLCZD)
& CHL(24)
g CNL(ZD)
be ENEZ(28)
hr CHL(ZT)
&
]

HaHnHanny

s N N L N

LI L T I I I VAR 7 O [ | B =}

+ CNE(28)

‘TELR, AvgWld
"UELER, SigmaWDd

CN%i1) = 5 CNLALD)
ENEi2) = B: CNR{ID)
CH%¢3) = 32 CNE(LT)
CNEdd) = 5: CHIGS)
CHZ(3) = B CNLLLS)
CNE(&) = By CNT(LA)
CNEATY = b: ENEULT)
CHZ{BY = &: CHY{1B;
CHL(9) = &1 CHZ{LTY
CNTA10Y = b CHE(20) = &
"Tapeil$
‘StartBLKs
*StartRecordl
‘BlartHMY

""Fi*, Btart
‘"F1*, NusSe
TR AvgHs
""F2°, Bigma
"RE2", Hink§
"ME2", HaxWS

Rowl = 3
H2000 = B1
HIFFF = HZ

HiG00 = H2000 / 2

HOTFE = 20
zarp = 0
athou = 10
pnines = -9
pnines = 39

FilpKua = 2
£Ls

LOCATE 10, 2
PRINT 1'tﬁzn{er

INPUT TapeIDs:

SELE
ck

3
WS§

92
000 - 1

47
00

399
99

0
Ta

TUELT Minkb
“*F1®, Haxdb
‘HinAk(1}
‘Maxal (1}
"Hinhh (2}
Ay
"Hinfh{3!
"HaxAk(3)

" Lotus starts at 0,0

ge |10
apeld$ = ULASES (TapelD$)

"E3, HinGi1)
"UF3*, MaxB(1)
TUF3Y. HinGi2)
“ME3Y, Max§(Z)
'UE30, HinG(3)
"MEZY, Max§(3)
“PE3n, HinS(4)
"UF3T, HaxS(4)

"OPEN "A1® + TapelD# + ".WKS® FOR BINARY AS #FileNum
OPEN "B:" + Tapell$ + °,HES" FOR BINARY AS ¥FiloNun

ELS
LOCATE &, 20

PRINT "Writing Lotus summary file: A:®; TapelD$; ".WKS"
Start Time:®; TIMES

LOGATE 8, 20
PRINT °

Temp = 0

PUT FileHua,
Temp = 2

PUT Fileifum,
Temp = 1028

, Yeap
y TEmp

' 123 Dpcode for

" data length=2 for following integer

' Lotus version n

start of file

unher

Fet$, Number#)

¥
i
¥
¥
*
¥
¥
*

WLSUM, BAS

3 leaves 3 blank rows at tep




R
B

" PUT FileNum, , Teap
EDSUB Hrltetulﬁldth

2,

WLSUH. BAS

*Ver 1 =1028; Ver 2 = 1030

‘Init. vars
ready = zerg
dtiae = zero

LastTime = zero

Reci = rero
KurRY = zero

BLER = ¢

0o

DpenInputFxle'

Biilef = LTRIH$(STR${BLKI)I
HHILE LEN{Bfile$)

- Bfile$ = "0" + Bfilei
HEHD
Bfile$ = "5" + Bfile$
Ik BLKE ¢ 300 THEM DIR$ = *D:” ELSE DIR$ = "E:®

’ "DIRE = "f:"

© [N ERROR GOTD AliDone
OPEN *I*, #1, DIR¥ + Bfilef
ELOSE #1
* LBCATE 10, 20
PRINT DIRE + Bfiles: |
OPEN “R®, &1, DiR$ + Bfile$, 1 =
FIELD !l 1 ke L&tn) . 1 A5 Hs(ll, i ﬁa L$(2} 1 A5 HE(2)

L BLKL = BLKL + 1

" FOR Reck = 1 T0 2000

‘Read 8 nusbers from ftle
BET #1, Reci
FiR 1L =1 108§
NUREUIZ) = CVI{L$(IE) + H#lll})

L NEKT I

iﬂnatattpei = INVINONX (L) / H2000) + ©°
*IF Tatatypel < 1 O Datatyped 4 THEN PRINT RZ, ASCiHSI,

) ON Datatypel GG5UB tieader, Wind, ﬂccel Aand§

NEAT Recl
CLBSE &1
Laog g
GOTO Ailtone

FEEFREEFEEIRRERERAIT progran Ioup ii!i!i*{*-‘*i**iiiiii*iiii

hSE(Li),

' EREREERIFERFEEHE end main program todp fii*i*i**ii**ii*ii*i*

Header-

'-ﬁ"PRiuT'RK, “Header*®
ORETRN.

*Windy
WY = NOME(2)

- BEC-="NOMX(DY /10

< N5 = mmiial ¥ .08

LW = NUHZ(S) .58

s  PRINT ¥ME, SEE ¥S, Wb
Jtine = MHL + GEC / &0

. ElaEsedTlne = Jtime - LastTige

©HEERERHEE ok and wind ﬁata iiiiiiiiiiiiii***iiiiii

y 1 AS L§(31, 1 AS BT},

Datatypeds STOP

lapsed::ma Y 0023 THEN BOSUB urxtelt " the ,0025 is min, which =.19 sec

IF ready = zerp IHEH BDSUR ResetVars
' LastTinE = Jtine
Sumﬁs = SuIHB + W5

BunhBZ = SukbS? + WS 7
GuoND = SunWD + WD

- SunHd? = BuskD2 + WD * 2 o =

1 AS LE(4),

1 RS HEtH),

=108~
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HLSUN. BAS

IF W5 > MaxWS THEN Maxk§ = WS
TF HS < HinW5 THEN HinNG = W§
1F Wi » MaxWD THEN HaxWi = 4B
IF ®B  HinWD THEM MinWB = WD

HumR% = HumRE + 1
IF HuoRY% »= 120 THEN BOSUB writeit

RETURN

TOEREREREERERREENE acceleropeter data HHEEERERHEEREERRRERREEER
ficcels
IF ready = zero THEN RETURN
NUHA(I) = NUWL(L) AND HLFFF
1F HUMLCLY AND H1000 THEW
NUMZLL) = -NUMLLE) AND HOZFF
RUML (1) = -NUMZ (1}
END IF
A%LL) = 3 % NUML(L)
ari2) = 5 & NUMLIZ}
AZI3) = 5 % NUNE(D
FOR 1% =178 3
IF AZALLY < MinRCIYD THEN Hina? (1%} = AX{TLL
iF ALLIL) > MaxBY(IZ) THEM Max@iilir = AN(I4)
PRINT A%{idkds
HEXT 1%
"PRINT
FOR IX=1 703
AL = 5 ¢ RUWLEG + 1)
IF ALTIL} < WinAR{TZ) THEN Min@X{I%) = AL{IL)
IF RE{TZ) » MaxB7(IZ} THEN HaxA¥L(IX) = AL{IN
"PRINT A%Lid);
NEXT IL
"FRINT %

CopkEREEERRERLEREr arceloroseter b strain data HEEEEREREEEEREE
fandS:
IF ready = zero THEN RETURN 'we're not ready till we find clock data
NUML(L) = WUMZELY AND HIFFF
IF QUMZC1) AND H1000 THEW
NUMK (1)} = -HUHL (1) AKD HOTFF
NUKEEL) = -NUNELL)

END IF

RZILY = 5 & NUMKIL)
AL(21 = 5 # NUMEAD)
8443} = 5 ® NUMLI3)

FOR 1% =110 3
IF ALLIE) ¢ MinGZ{IZ%) THEN WinfR(1%) = AX(I%)
IF ML(IT) > MaxAL{T7E) THEN Max@W(I7} = AL(IZ)
"PRINT ALli%1;

NEXT T4

FOR 1L = 1 10 4
SUILL = NUML(T + 10 / 120
TF SCI%) < NinS{IA! THEN HinS{IL) = S(I%)
IF S(I1) 5 NaxS(I%h THEN HaxS{(I4) = S(L4)
“PRINT B{i%d;

NEXT 1

ERppERRREREREEEE write suamary to 1-2-3 file #EessERBribEess
wrlt it
IF HupR% < 3 THEN GDT0 skiprite
AvoWsE = SumlS / NumRY
Avghb# = SunWD / NuaRZ
SignallSk = {(Gunl52 - {Suai * 2 / NusR%1} / (NuaRY - D)} * 5
SigmakDE = {(SunWdZ ~ (SuodD * 2 / HumR%Y} / (NunR¥ - 13} °
erteLabei Rowi, 0, B TaEeID
WriteLabel Rowi, tartBLKS
friteinteger Rnul 2 ? StartRecordl
erteinteger RnwL 3 ? GtartHtil
WYritelunber Rnw/ 4, 6‘ *F1*, StartSECH
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HLSHN. BAS

' HumSeck = NumRK 110
HriteNucher RowZ, 5, 5, 'F1", NunSec#
WriteNusher Ruwi 6, by "F2", AygWod
driteNusher Rnwi y by "F2", GigmaWSk

WriteNumber Rowi, 8, &, "F2°, WNd
ANE = Hax¥is

Hritebuaber Rowd, 9, &, "F2%, WN{
WriteNumber Row}, 10 &, TF17, AvglDi
liriteNumher Ruwi, 11, &, "F1*; SianakD#

_ HiE = Mindd
WriteHugber Rowl, 12, &, 2EL7, W
: UNE = HazliDd

WriteNudber Rowi, 13, &, "F1", WNk
Writelnteqer Rowk, 14, 6, HinALil)
Uritelnteger Rowl, 13, 6, Haudi(i)
Writelnteger Rowi; 14, 6, Hinf%(2)
Yritelntagér Rowl, 17, &, HaxAX{2)
Writelnteger Rowk, {8, &, HinfAX(3)
Hritelnteger Rowk, 19, 6, HaxAZ(3)

. Hiel = HinB{13

‘HriteNoaber Rowk, 20, 7, "F3%, WNE

; Lo g = Hax3(1)
WriteNusber Rowk, 21, 7, “F3", WNE
. W = HinS(2)

: Do ' WriteNuabér Rowk, 22, 7, °F3", WNE
st AN = Max§(2)

_ . Writeuabar Row¥, 23, 7, "F3", Wil
" . . WNE = NinS{3)

‘HriteNumber Rawk, 24, 7, "F3", WN#

WriteNumber RowX, 23, 7, 'F3", HNA
E BNk = HinS(d)

WriteNupber Howk, 24, 7, "F3°, N4

_ Nt = Hax5{4)

UriteNumber Rowi, 27, 7, "F3", WNi

Rowi = Rowl +

skiprite:
ready = zerg
RETURN P
COFEHRHHEEEIOEER 7oro ot accumulators FEREEENSERERERMENERAE
ResetVars:
‘PRINT Bfile#, RecX NunR%, AvgNSE; Avgule,
NusR) = z8rp
SuplS = zera

Sumd52 = zeéro
~ Bunlll = zero
SunWd? = zero -

HaulWs = zero:, MlnﬁS = athéﬁ
HaxWD = zerp: MinWD = athou
=113

. HaxRL(1%) = mnines < spt the ain & n
Hinf%{I4) = pnines ' valyes to -99?9 and +4999
o Max5{1%) = anines
e . MinS(I1} = pnines
T CNEXT 1% -
SRR RV - HMax5(4 = anings

HinGi4] = pnines

-StartBLKS = Bfile$
StartMii = WY
StartSEC# = SEC
StartRecord? = Recl

ready = 1
RETURN
* REEFEEERERERNTE dofe, cleanup % qu1t *fii;*iiiiiiiiiiiiiiii
13 Deme: .

BOSUR writeit .
‘Write the "End of Tile" recurd and close flle

S i 6 L
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Temp = | * Oprode for end-of-file
PUT FlleNun, y Temp

Temp = 0 " data length = 0

PUT FileNua, , Teap

LOCATE 12, 20 _

PRINT " Stop Times"; TIMES

CLBSE
§TOP

WriteColWidEh:
FOR 1% =170 28

emp =

PUT F:leHum, , Temp

Teap = 3

PUT FlleNum, ) Tenp

Tepp = IV -1

PUT FiieNum, E

Tapsirings = W Y
FileNum, , Tapbtringd

NEXT {L

RETHRN

SUB WriteInteger (RowZ, Column%, ColWidth%Z, Integd)
Temp = 13 " Oprode for integer
PUT FlleNum, Temp
Teap = 7 ‘length + 5 byte header
PUT FileMum, , Teap
Tapstrings = begs (l2n) ‘format portion of the header

FileNua, , TmEStanq$
PUT FileWum, , Columni
“FUT FileNum, , Rowd
PUT FileNue, , Integi
END SUB
SUD Writelabel (Rowi, Column¥, ColWidthi, Hag¥i

1F LEW{Hag$} > 240 THEN Hag$ = LEFT4#{Mag¥, 240)

*Teap = 13 " Dpeode for label

PUT FileNum, , Temp

Teap = LEN(Nag$) + 7 "len + 3 byte header + ' + CHR&LO)

PUT Filelum, , Temp _
gﬂgstrln 3 = CHR$ (127) "127 is default for unprotected cell

FileNom, ,Twsv1m$
PUT Filedum, , ColumnX

PUT FileNum, ; Rowi

Tm?ﬁtr1n § = °'" + Mag$ + CHRE(D)'"""is for left align

PUT Filaflum, , TmpString$
END 5UB
GUB WriteNusber (Rowk, Colusni, ColWidthi, Fat$, Nusberd)
IF LEFT$(Fat$, 1) = °F* THEN *F = fixed format
Fornats = CHR$ (0 + VALIRIGHTS (Fat$, 113} 'Num dec places
ELSEIF LEETS(Fnt$, 1) = *L* THEM * £ = currency
Forpat$ = CHRiiSZ + VAL[RIGH?i[Fnt$ 114} ‘Mua dec places
ELSEIf LEFTH{Fmt#, 1} = * P = percent
ELSEarmatﬁ = CHRS(48 + VﬁL(HiEHTt(Fnti 11} "Nua dec places
Format$ = CHR$(127} "dafault format
‘Format$ = EHR$(25§) " pption to protect ceil
EKD IF
Temp = 14 " Optode for number
?UT Flleﬂum, Tenp
Teap = 13

PUT FileNum, , Teop
FUT FileNum, , Fornmatd
PUT FileMum, , Columnk
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WLEUH, BAS
FUT FileNiw, , Rowk
e PUT Filebua, ; Nuaberd '
END 5UR - :




HLZA5YST. BAS

CHEREERRREEHEEER Hrite data for input to Asystant BheERREfEHEEEOER

% WL2ABYST.BAS %
¥ Dick Hood May B9 _ £
‘% : ¥

CEREEEEE R RN R R RN R R AR R R R R R R R R N R R R R RS

UPTION BASE §

DI reafy A5 INTEGER -

DIt NUNL{B), L5(8), H§(B)

DIN 43}, MaxAi3l, Hind(3)

DIM S{4)

BIN MaxS(41, MinSi4)

abf = vhiaduE , BOECEBE , BNE. T

sif = "R, B4R

1§ = UL REE , BEL.UHE , BREBRE | 880, 020"
FFAS = "G4, bk ¥
WFS = "3hEE. 4E6 , BRRL. 8

H2000 = 8192
HIFFF = H2000 - |
H1000 = H2000 / 2
HETFF = 2047

zero = 0
athou = 1000 -
maines = -9999
anines = 9999

"o npu

[ 1]

Eééenum = 2 'FREEFILE " get next available file number

LOCATE B, 20
PRINT "enter TapelD$";
INPUT Tapeili$: Sbiocks = UCASES(Bbiock$}

LOCATE 16, 20

PRINT "enfer Starting Black Husher i
INPUT Sblock$s Sblock$ = UCASEY (Shlock$)
LOcaTE 14, 20

diypes = "&" + LTRIN$[STRE(Which&%})
dtypel = 1

LOCATE 12, 20
FRINT *ufput File Nage * .
INFUT Filename$: Filename¥ = UCASES(Filenamed)

EBLS
LOCATE 6, 20
PRINT "Writing ASYSTANT file for "; diypet
‘LOCATE 8, 20
"PRINT *® Start Time:"; TIMES
ready = zern :
dtime = zere
LastTime = zerp
Reci = zero
NusfR¥ = zero
4hEUB ResetVars
BLEY = VAL{Shlock$)
Asyshecsy = ¢
CHEHRHERRR RO I REHEREHE nain loop
]
‘Openinputfile:
Bfilet = LTRIMSISTRE(BLELY)
WHILE LEH(Bfiled) { 4
Bfiled = “0" + Bfiles
WEND
Bfilei = "B" + Bfile§
"IF BLKX 4 300 THEN BIRE = "D:* ELSE DIRY = "E:*
Difg = "M"
‘N ERROR GOTD ALlDone
OPEN "1*, #1, DIR$ + Bfilef
CLOSE #1
LOCATE 10, 20
PRINT DIR$ + Bfiles;

i1y n
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HL2AGYST, BAS

o

" GEN "RE, 41, DIR$ + Bf:l s, i S _ . .
FIELD #1, 1 As L§t1h Hfii}, 1AS LE(), 1 AS HE(2), 1 AS LE13), 1AS HE(3), 1 AS L&(RD, 1 AS RE(4), 1 AS L(S), 1
BLEL = BLKE 4.1

= FER Recﬁ =170 2000 .
‘Read B nusbErs from flle
BET #i; Reck
FOR. 17 ={i0g
CHEREITEY = CVI(Lﬁ(II} + HE(ILN)
NEIT It

Datatipez H INTINUHi(l) i #20000 & 1
IF Datatypet < 1 OR Datatype} ) & THEN PRINT RY, HSC(Ht), 85C1L$), DatatypeX: BTOP
0K ﬂata ype! B0SLB. Heaﬁeg Wind, Recel; Aands
F dtypek = 1 OND Datatygel = "3 THEN BBSUB Recel
Lr diypei = 2 fND Datatéﬁ 8] = 4 THEN BOSHB AandS
IF AsysReesy b= 4097 THEW GOTO AllDsne
~MEXT Recl
. CLOSE #1
Loop
AN AllEunE

 _ head e
o FRIHT RI "Headir®
RETURN

Hing;
HNL = N
SEC = NUMN3) 7 10
W= HUBZ(4) £ .08

HD = NUNZ(D) & .54
: PRINT HMY, SEC, WG, WD
Jtiae = WL + SFC / 60 -
‘ Elapsathle ¢ Jtige = lastTige i
IF Asysfecst 3 0 AND ElapsedenE } 0025 THEN
~ LOCATE 5,40
PRINT "BREAE IN TIME ©
BOSUE ResetVars
END 1F -

IF teally = fero THEN BOSUB Resetvars
LastTimé = J¥ige.

*53 ; uuaWS = SumN3 + HS
“Bunks? = SualS2 + K§ ~ 2
SupWd = SunMD * WD~
SumNDZ = SuhHUZ }HD OS2

iIf §S ¥ Hawls THEH Fagl§ = W5
JF WS ¢ KinkS THEN NifK5 = 85

C IF WD > BaxWD THEN Nax®D = WD

TTIFEDC MinWD THEM HinkD = HD

* YF UD 3= 30 THEN WD = WD - 3&0
FRINT #1, HSING §F#; WS; WD

HumRZ = NumRi # 1
’ lDEﬁTE 2, i PRINT Jtime, Nuak
“IF HugRY ¥= 120 THEN BOSUR wr1t91t
RETURH

 necels

"IF ready = 2ero THENRETURN
NUME (LY = HUHI(1¥ D HIFFF .
) IF MU ﬁND H1060 THEN Lo
] NUKELL) = -NUM%{1) AND HOTFF
i . HuRE{1Y = -NUHL(l)

END TF
A1) =51 NUHl(ll 7 athoy

A2 = 5 % NUMK(D)  athou -
RS =3 %R ﬁﬂl(a\ 1 athau i

S k-
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FOR 14 =1703
IF A{1%) < HinAlIA) THEN MinAlIX} = ALIN)
IF AC10) % MaxA(T4) THEN Max@lIn} = A(IX)
‘PRINT A(i%);
NEXT 1%
IF dtypei = 1 THEN GOSUB Writefccel
FOR 1% =1 10
AtTZ) =3 % NUHKKS + T4 /1 athou
IF A1) ¢ MinALY) THEN MindlIZ} = ALDE)
IF ALT%} > MaxA(I%] THEN HaxAtIZ%) = AdIR)
‘FRINT ﬁ(lI),
NEXT 1T )
IF dt¥pei = 1 THEN BOSUB HWritefccel
"FRIN

RETURN

AzndSs

"IF ready = zerg THEH RETURR

HUMZEL) = NUMXAL) AND HLFFF

IF NUMX{1) AND Hid00 THEM
NUMELL) = -NUNBAL) AND HOTEF
HUBX{LE) = -NUMK(1)

END IF

A1) = 5 & HUMAL(L) / athou

£(2) = 3 # KUMA{Z} / athou

A3 = 5 ¢ NURL(Z) f athou

IF dtypel = 1 THEN GOSUE Writefccel

FOR $4 =1 T0 3
IF (1%} < MinACTA) THEM MipAlIL) = A{
IF ALILY » HawA(T¥) THEM MaxA{IX} = A
"PRINT A{i%);
NEXT I%
iF dt{pe7 = i THEN BOSUB Writedccel
FIR I
5{I%) = NUH7(3 ARV
IF S(I%} < MinG{I%}) THEN MinS{I%] = §
IF SUI%F > MaxS{I%) THEN MaxS(IZ) = §
"PRINT S(i%};
NEXT IX
IF dtypai = 2 THEN GOSUR HriteStrain
RETURN

Writefccel:
PRINT #filenum, USING FFA%; A(D)
AsysRecs? = Asysflecsy + 1
LOCATE 20, 20: PRINT AsysRecst
RETURN
WriteStrain:
‘PRINT #filanem, USING si$; G{1); S(2}3 S{3}; S5(4)
FRINT #filenus, USING s#13; 5(Whichsn
fAsysRecs)d = AsysRecsy + |
LBEATE 20, 20: PRINT RsysRecsi
RETURN

e

i)
[¥4]

{I%)
(14}

ResetVars:
CLOSE &2
CLOSE #4

IPEN “C:\ASYSTANT\AL.PRN" FOR DUTPUT AS 42
DPEN "L AASYSTANTAWSD. PRN®" FOR OUTPUT A4S #4
"OPEN "SCAN:® FOR OUTPUT &5 #2
fsyshecsi = 0
NuaR¥ = zero
Sumil3 = zero
SunkS? = zero
Sunid = zere
SuaklD? = zerp

HaxWs = zerp: MinWS = athou

=115~
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Haxﬂﬁ = 28r0; HLHHD = agthou
FOR IL =L TH 3
HaxfelE) = anines
Kinf(I%} = pnines:
Hax8{I%) = mnines
MinS{I%) = pnines
NEXT T
Max5(4) = anines .-
RiaS{4). = paines

StartBLK$ = Bfilet

StarthN: = HHY

StartSECE = SEC

StartRe:urdI = Recz

ready '
R“TUHM

BPEN “E \ASYSTHNT\' + Fllenaaei + " EUR" FUR UUTPUT A8 &3
, 'EBSHB Nriteit
© yriteit: '
- AvgNS# = Suallh / NunRI _
AvgHDE = SunhD / NuaRY
SigmaWS# = ((SuaWS2 - (SumMS % 2 / NuaRA1) / (HunRZ =5
Slanaﬁnt ({SuaNB? - (SughD ~ 2 / NuaR%)) / (NumRY - 13}~ .5
RINT Bfile¥, Reci, NunRi, AngS#, Avgﬁﬂi,'
PRINT 43, iTapell ell
PRINT ¥3, USINE “Av W5 HEE. Sig maﬂg $EE8 nin B pax #AE.REY; AvgRSE; SigmabiSH; MinMS: MaxWS
PRINT iS USING “ﬁquD fit, iﬁ Slqmaﬂﬁ #HEH ain HLH gay HEH Angﬂ#, SIQIaHDi, NindDy Maxhi

PRINT 43 Mage
FOR I% = 1 10 & : \
PRINT 45, USING * 64 Hesd.ibh L ERET; T8 HinS(I; Max§OIR)
NEXT % _
FOR 1% = 1 T0 3 . -
PRINT £3, UGING * Aé Hith i HHRE EH%; T MinACED; MaxA{ID)
NEXT 1% . ' |
PRINT 43, *StartBlk§  *) StartBlks
PRINT 43, USING "NupR% - ’l#ii!'* Numkl, -
PRINT #3) USING *StartRecordl —$#48§": Starthecor
. PRINT 43, USING "StartMdi - . $4E8"; StarthNi
© " PRINT 43, USING "StartSECE - ##4"; StartSeCs
“©PRINT 43, USING "NumSECE . ##8"; NusSECH

‘Write the "End of Flle record. and rlose fila ,
LOCATE 12, 20 .
PRENT * - Hunber of Recurds ur1tten.“' AsysRecsl

. CLOSE
5iop




